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compare range of motion, grip strength, pain (visual analog 
scale), DASH scores, and radiographic alignment between 
cohorts. A Chi-squared analysis was used to determine 
radiographic differences of arthritis.
Results  There were no significant differences in mean 
range of motion, grip strength, Quick DASH score, Mayo 
wrist score, pain level, or radiographic arthrosis between 
cohorts. There was no correlation between radiographic 
signs of osteoarthritis and the QuickDASH score, and pain 
level.
Conclusion  The outcomes of intraarticular fractures of 
the distal radius with operatively treated associated SLI are 
comparable with the outcomes of intraarticular fractures of 
the distal radius without associated SLI.

Keywords  Distal radius intraarticular fracture · Operative 
treatment · Scapholunate injury

Introduction

Fractures of the distal radius represent approximately one-
sixth of all fractures that are treated in emergency depart-
ments [1]. The prevalence of ligamentous injury associated 
with fractures of the distal radius has been reported to be as 
high as 69 % when partial injuries are included [2]. Intraar-
ticular fractures are associated with a twofold increase in 
the risk of scapholunate ligament injury (SLI), although 
most of these are partial and of uncertain importance [3]. 
Diagnosis of acute SLI is difficult, especially when associ-
ated with a fracture of the distal radius. Fracture-associated 
pain precludes provocative wrist ligament testing [4] and 
presence of a displaced intraarticular distal radius fracture, 
and the resulting carpal malalignment might obscure differ-
ences in intercarpal angles on plain radiographs.

Abstract 
Background  Intra-articular fractures of the distal radius 
(DRF) are associated with a twofold increase in the risk of 
scapholunate ligament injury (SLI). The aim of this study was 
to compare functional outcome, pain, and disability between 
patients with operatively treated DRF and either an acute, 
repaired scapholunate ligament injury or no ligament injury.
Methods  We retrospectively analyzed 18 patients with 
an intraarticular DRF and SLI that was diagnosed and 
treated (Group I) and compared them with 20 patients with 
DRF without associated ligament injury (Group II) (20 
women, 18 men; average age 55 years, range 19–72). The 
two cohorts were analyzed for differences in motion, grip 
strength, pain, Mayo wrist score, and Quick Disabilities 
of the Arm, Shoulder, and Hand (DASH) score an average 
of 43  months (range 12–73) after surgery. Radiographic 
assessment included fracture union, palmar tilt, radial 
inclination, ulnar variance, intercarpal angles, and arthro-
sis (according to Knirk and Jupiter). We used T-tests to 
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The degree to which SLI may add to the impairment, 
symptoms, and disability after recovery from a fracture of 
the distal radius is debated. Tang and associates [5] com-
pared 20 patients with radiographic signs of scapholunate 
dissociation (SLD) associated with a fracture of the dis-
tal radius with 228 patients with fractures and no signs of 
intercarpal ligament disruption. All fractures were treated 
with closed reduction and cast immobilization and no liga-
ment injuries were repaired. At 1  year, all patients with 
SLD showed signs of chronic instability and significantly 
increased scapholunate dissociation. Patients with SLD had 
significantly worse overall function and delayed ligament 
reconstruction or limited intercarpal arthrodesis was per-
formed in eight cases.

The rationale for treatment of SLI is that lack of treat-
ment may lead to increased motion between the two bones 
generating shear stress, local synovitis, and pain [6]. Com-
plete scapholunate (SL) ligament disruption may lead to 
severe alterations in carpal balance and subsequent carpal 
collapse [4, 6, 7].

Considering rapid degeneration of a torn SL ligament, 
early diagnosis facilitates reduction and repair and leads to 
improved outcomes [4].

Our practice is based on the opinion that SLI that is 
diagnosed and treated in the acute phase with a percuta-
neous or arthroscopically guided Kirschner wire fixation 
might lead to less pain, disability, and arthrosis [4, 8, 9].

This case–control investigation tested the null hypothesis 
that there is no significant difference in wrist motion, pain, 
and disability between patients with an operatively treated 
intraarticular fracture of the distal radius and either an acute, 
treated partial or complete SLI or no ligament injury.

Materials and methods

This was a single center retrospective case–control study.

Patients

Institutional Review Board approval was granted before 
initiation of this study, and strict confidentiality guide-
lines were followed. Inclusion criteria for case patients 
were operatively treated intraarticular fractures of the dis-
tal radius and operatively confirmed traumatic concomi-
tant scapholunate ligament injury (SLI) Geissler Grade 
III or IV [10] who initially presented to our centre from 
January 2006 to December 2010. The exclusion crite-
ria were missing or incomplete radiographs; age less than 
18; time elapsed between injury and surgery over 30 days; 
follow-up of less than a year; pregnancy; dementia; previ-
ous injury to the ipsilateral wrist; and open fracture. We 
used billing records to identify appropriate patients using 

the International Classification of Diseases, 10th Revision, 
codes (S63.3, S52.50, S52.51, S52.52, S52.59). Among the 
57 patients that satisfied the inclusion and exclusion criteria, 
3 (5 %) declined to participate and 36 patients (63 %) could 
not participate due to lack of transportation, work or family 
responsibilities, unknown address or infirmity. The remain-
ing 18 patients (nine women, nine men) with a mean age of 
56 years (range, 41–68) formed the case group (Group I). 
All patients had CT arthrograms at the time of injury.

Triple-compartment arthrography was performed by an 
experienced, board-certified radiologist under sterile con-
ditions, local anesthesia and fluoroscopic guidance (Axion 
Artis, Siemens) with iodinated contrast medium. Patient 
were scanned in the “superman position” (prone position, 
overhead extension of the arm, pronation of the wrist) with 
the use of a Multislice CT (Sensation Cardiac 16, Siemens; 
spiral scan; slice width 0.6 mm, increment 0.4 mm). High-
resolution, corrected sagittal, and coronal reformatted 
images were obtained and stored in PACS. Images were 
evaluated by a board-certified radiologist and a board-cer-
tified hand surgeon (Fig. 1).

If there had been evidence of SLI on the CT, palmar 
(via a palmar portal through the incision for plate fixation; 
nine patients) or dorsal arthroscopy (nine patients) was per-
formed to confirm the SLI. According to the Geissler clas-
sification system [10] there were nine Grade III tears and 
nine Grade IV tears (Fig. 2).

Control patients were identified from billing records 
with intraarticular fractures and no SLI that satisfied all 
the inclusion and exclusion criteria. They were invited in 
consecutive chronological order until we had a sufficient 
number that were willing to return for evaluation within 
a 4 weeks’ time period so that we had the resources to do 
the study. A total of 51 patients were invited. Three patients 
declined to participate (6 %) and 28 patients (55 %) could 
not participate due to lack of transportation, work or fam-
ily responsibilities, and unknown address or infirmity, thus 
resulting in a control group of 20 patients (15 women, 5 
men) with a mean age of 58 years (range, 19–72) (Group 
II).

All patients in the control group had unremarkable radi-
ographs with respect to SLI. Carpal stability was confirmed 
using fluoroscopy and PACS documentation (OEC 6800; 
General Electric Medical Systems, Salt Lake City, USA). 
All fluoroscopic examinations were performed by board-
certified hand surgeons after fracture reduction and fixa-
tion. The movement of the carpal bones was recorded from 
extreme radial to extreme ulnar deviation in the posteroan-
terior view and from extreme flexion to extension in the 
lateral view. The procedure was repeated twice to obtain 
reliable images. During radioulnar deviation of the wrist, 
the three proximal carpal bones move synergistically from 
a flexed position in radial deviation to an extended position 
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in ulnar deviation. Complete disruption of the ligamen-
tous link results in an alteration of motion, subluxation, or 
“clunking” of the scaphoid [11].

The characteristics of each patient and injury including 
age, gender, comorbidities, mechanism of injury, AO frac-
ture type, and type of treatment were extracted from the file 
and immediate post injury radiographs were analyzed.

All fractures were classified according to the AO/ASIF 
classification system [12] (Table 1) by a single board-cer-
tified orthopedic hand and trauma surgeon. The cause of 
the fracture was a fall from a standing height in 31 patients 
and a higher energy injury (fall from height, motor vehi-
cle accidents or sport-related accidents) in 17 patients. We 
recorded associated ipsilateral fractures and dislocations, 
and acute carpal tunnel syndrome (CTS). Ligamentous 

injuries and lesions of the triangular fibrocartilage complex 
(TFCC) were recorded in patients that received CT arthro-
gram, arthroscopy, or capsulotomy (Table 1).

Surgical treatment

All fractures were treated by four experienced hand sur-
geons after a median of 4  days (range, 0–30) after the 
injury. Fractures were treated with open reduction and 
dorsal plating (n = 3), palmar plating (n = 25), or dorsal 

Fig. 1   Preoperative triple 
compartment CT arthrography: 
Coronary scans show a com-
plete tear of the scapholunate 
ligament (left to right dorsal 
to palmar) (Courtesy of Prof. 
Rainer Schmitt, MD, Bad Neus-
tadt a.d. Saale, Germany)

Fig. 2   Arthroscopic view of an acute Geissler Grade III scapholunate 
ligament tear. Upper panel a probe may be passed through the gap. 
Lower panel hemorrhage of the scapholunate ligament

Table 1   Demographic information and injury characteristics

a  Values are presented as median and range

Group I Group II p

Agea 59 (41–68) 58 (19–72) 0.91

Gender

 Female 9 15 0.1

 Male 9 5

Mechanism

 Low energy 11 13 0.55

 High energy 7 7

Dominant limb affected

 Yes 4 8 0.21

 No 14 12

AO type 0.46

 B1 3 2

 B2 1 1

 B3 1 2

 C1 0 4

 C2 3 3

 C3 10 8

Concomittant injuries 0.45

 TFCC lesion 4 2

 Lunotriquetral  
ligament tear

2 1

 Ipsilateral ulnar  
styloid fracture

1 5

 Ipsilateral elbow  
dislocation

0 1

 Ipsilateral  
dislocation DRUJ

1 0
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and palmar plating (n = 20, 18 with ancillary fixation with 
screws and/or Kirschner wires).

Fracture fixation and treatment of SLI were performed 
partly according to the degree of injury and partly the sur-
geons’ discretion (Table 2a, b; Fig. 3). Wrists were immo-
bilized a median of 6 weeks (range, 4–8) in Group I and a 
median of 4 weeks (range, 2–6) in Group II.

Evaluation

The patients were evaluated by an independent inves-
tigator not involved in the patients’ treatment a median 

of 43  months (range 12–73) after surgery. Active range 
of wrist motion was measured using a goniometer. Grip 
strength was measured with a dynamometer (Jamar; JA 
Preston Corp., Jackson, MI) at position 3 with the elbow at 
90° and the forearm neutral and averaged over three trials. 
All clinical data were compared with the uninvolved side.

Wrist pain was evaluated using a numeric rating scale 
(NRS) between 0 (no pain) and 10 (severe pain) [13]. Upper 
extremity specific disability was measured with the Quick 
Disabilities of the Arm, Shoulder, and Hand (QuickDASH) 
questionnaire (range, 0–100, with 0 representing no symp-
toms or disability) [14]. The Mayo Wrist Score was calcu-
lated (range, 0–100, with 100 for the best result) [15].

Radiographic assessment

All radiographic measurements were retrospectively per-
formed by two experienced investigators. On lateral radi-
ographs of the symptomatic wrist in the neutral position, 
palmar tilt (number of degrees from the neutral position) of 
the articular surface of the distal radius, the scapholunate 
angle (SLA), the radiolunate angle (RLA), and the capi-
tolunate angle (CLA) were measured using the tangential 
method and the axial method, respectively [6].

On anteroposterior (AP) radiographs the scapholunate 
gap (midpoint of the lateral facet of the scaphoid to the 
midpoint of the opposing lunate facet), radial inclination of 
the articular surface of the distal radius, and ulnar variance 
were measured as described by Medoff [16]. For better 
comparability, the scapholunate gap was measured in the 
AP view since preoperative Moneim [17] projections were 
missing for most patients. All measurements were made 
using Impax EE® software (Agfa HealthCare, Mortsel, Bel-
gium) and the included length and angulation tools pack-
aged in the software.

Statistical analysis

Descriptive statistics were computed for variables of inter-
est. After testing for normality, either non-parametric 
Mann–Whitney Test or unpaired T test was used to test for 
differences in continuous variables. Fisher’s exact test was 
used to assess differences for categorical variables. Signifi-
cance level of statistical tests was set at p ≤ 0.05.

Results

Patients

There was no significant difference between groups 
regarding age (p = 0.91), sex (p = 0.1), AO fracture type 
(p  =  0.46), fracture treatment (0.37), or the intervals 

Fig. 3   Intraoperative picture of a complete scapholunate ligament 
tear. Left panel static widening of the SL-interval. Right panel good 
reduction following SL-ligament repair and transfixation

Table 2   a Fracture fixation, b surgical treatment of scapholunate lig-
ament injury

(a) Treatment n patients

Group I

 Volar plate 8

 Dorsal plate 1

 Volar and dorsal plate 1

 Plate and ancillary fixation with Kirschner wires 6

 Screw fixation 2

Group II

 Volar plate 9

 Dorsal plate 2

 Volar and dorsal plate 2

 Plate and ancillary fixation with Kirschner wires 7

(b) Stage Treatment n patients

Grade III Percutaneous Kirschner-wire fixation 4

Open reduction and Kirschner-wire fixation 5

Grade IV Ligament repair 2

Ligament repair and Kirschner-wire fixation 7
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between injury and surgery (p  =  0.24), and surgery and 
final evaluation (0.74).

Function, symptoms, and disability

Both groups regained an average of more than 80  % of 
range of motion and grip strength compared with the 
unaffected side and there were no significant differences 
between groups (Table 3). There were no significant differ-
ences in pain, Mayo score, or QuickDASH between groups 
(Table 4).

Radiographic results

There were no significant differences between groups for 
palmar tilt in dorsally displaced fractures, radial inclina-
tion, ulnar variance, and radiolunate or capitolunate angle 
at the time of injury (Table  5a). The mean scapholunate 
interval at the time of injury was significantly wider in 
Group I (p = 0.01). A prereduction scapholunate angle of 
more than 60° was found in 78 % of patients in Group I and 
45 % of patients in Group II. The final radiographs showed 

no significant differences between groups (Table 5b). There 
were no signs of progressive carpal malalignment or radio-
carpal arthrosis in any wrist.

Complications and reoperations

Complications were noted in nine patients (24 %).
One patient in Group I developed chronic regional pain 

syndrome type I (CRPS I) and another patient reported 
transient paraesthesia of the superficial radial nerve.

One patient in Group II had a postoperative hema-
toma that was evacuated and another patient had a second 
surgery to address residual intraarticular step-off. Five 
patients had dorsal implants removed to address exten-
sor tendon irritation. Six additional patients requested 
implant removal for discomfort without evidence of ten-
don irritation.

Discussion

Patients with articular fracture of the distal radius and 
operatively treated SLI had impairment, symptoms, and 
disability comparable to patients with articular fracture and 
no SLI. More than 80 % of patient patients in both cohorts 
regained more than 80 % of wrist motion and grip strength 
and returned to their regular employment.

Table 3   Range of motion and grip strength

a  Values are reported as mean ± SD
b  Values are reported as mean ± SD as percentage of the unaffected 
side

Group I Group II p

Extension (°)a 48.3 ± 21.8 51.5 ± 18.2 0.76

Flexion (°)a 55.3 ± 26.9 68.5 ± 13.9 0.22

Radial deviation (°)a 23.1 ± 7.9 25.3 ± 7.2 0.43

Ulnar deviation (°)a 26.4 ± 10.5 30.3 ± 7.7 0.3

Pronation (°)a 78.9 ± 15.7 85 ± 11.8 0.12

Supination (°)a 76.7 ± 14.1 81.5 ± 17.6 0.13

Grip strength (%)b 90.7 ± 47.9 81.6 ± 29.1 0.49

Table 4   QuickDASH, Mayo Wrist score and pain score

Values are reported as mean ± SD

Group I Group II p

QuickDASH (points) 26.6 ± 26 22.3 ± 22.4 0.74

Mayo Wrist score (points) 72.2 ± 18.7 79 ± 16 0.24

Mayo Wrist score (result) 0.53

 Excellent 5 7

 Good 3 3

 Satisfactory 5 8

 Poor 5 2

Pain at rest (NRS points) 1.4 ± 2 1.2 ± 1.5 0.94

Pain with activity  
(NRS points)

2.6 ± 2.7 2.6 ± 2.6 0.83

Table 5   a Radiographic measurements at the time of injury, b radio-
graphic measurements at the time of follow up

Values are presented as mean ± SD

* Indicating significance

Group I Group II p

(a)

 Volar tilt (°)

  Colles fracture −19.1 ± 9 −16.8 ± 9.5 0.7

  Smith fracture 10 ± 5 18 ± 5 0.03*

 Radial inclination (°) 20.9 ± 5 18.3 ± 5.6 0.25

 Ulnar variance (mm) 0.66 ± 1.8 1.7 ± 1.9 0.17

 RL angle (°) 18.8 ± 16.8 22.3 ± 8.7 0.59

 SL angle (°) 66.5 ± 7.3 54.5 ± 15 0.03*

 CL angle (°) 7.3 ± 15.7 15.9 ± 6 0.1

 SL-interval (mm) 3.2 ± 0.5 1.8 ± 0.75 0.00*

(b)

 Volar tilt (°) 7.4 ± 2.4 7.6 ± 3 0.84

 Radial inclination (°) 25.4 ± 4.5 23.4 ± 6.1 0.25

 Ulnar variance (mm) −0.5 ± 1.4 0.2 ± 1.1 0.07

 RL angle (°) 9.2 ± 10.5 6.3 ± 13.9 0.47

 SL angle (°) 52.7 ± 10.2 52.1 ± 12.6 0.87

 CL angle (°) 1.1 ± 8.5 0.5 ± 15.4 0.52

 SL-interval (mm) 2.4 ± 0.5 2.1 ± 0.9 0.17
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Our study is similar to a randomized prospective study 
[18] that compared arthroscopically and fluoroscopically 
assisted fixation for intraarticular DRF to fluoroscopically 
assisted fixation alone. Complete or incomplete scapholu-
nate ligament tears were diagnosed and treated in nine 
patients in the arthroscopy group. Patients who underwent 
arthroscopically and fluoroscopically assisted treatment 
had significantly better supination, extension and flexion, 
and a higher mean modified Mayo wrist score at all time 
points. The authors concluded that better treatment of asso-
ciated intra-articular injuries might have been one of the 
reasons for the improved outcome.

Dynamic image intensifier examination and CT arthrog-
raphy are part of the diagnostic algorithm for patients with 
intraarticular fractures of the distal radius and radiographic 
or clinical signs of SLI at our institution. Previous stud-
ies suggest that CT-arthrography of the wrist can detect 
scapholunate and lunotriquetral ligament injury and central 
TFCC tear with a sensitivity of up to 94 % and specificity 
of up to 95 % [19–21].

There are several limitations to our study. The two 
cohorts are heterogeneous with regard to injury severity, 
surgical treatment and postoperative immobilization, which 
might have affected outcome. However, there was no statis-
tically significant difference between groups with respect to 
clinical or functional outcomes and our results are in line 
with those of several other studies evaluating outcome after 
distal radius fractures [22–25]. Given the paucity of data on 
SLI associated with fracture of the distal radius and the lack 
of untreated controls in our group, we cannot state defini-
tively that recognizing and treating SLI improves motion, 
grip and, comfort, or that it limits the potential for future 
arthrosis. In addition, intraarticular DRF itself may lead to 
arthritis of the radiocarpal joint and the distal radial ulnar 
joint and to decreased range of wrist motion, forearm rota-
tion, grip strength, and pain if anatomic restoration of the 
articular surface is not achieved [26, 27]. We do acknowl-
edge that a mean follow-up of 43 months might not be long 
enough for long-term sequelae as osteoarthritis or SLAC 
wrist to develop. However, none of our patients showed 
signs of progressive carpal malalignment at the time of fol-
low-up, and anatomic fracture reduction was maintained.

With the relatively small sample size, the generalizabil-
ity of our results is limited. Our use of dynamic motion on 
an image intensifier to rule out SLI in the control group is 
not as reliable as wrist arthroscopy, although it has been 
reported to detect high-grade SLI with a sensitivity of up to 
86 % and a specificity of up to 95.0 % [28, 29].

Scapholunate angles greater than 60° are indicative of 
SLI and studies comparing arthroscopic and radiographic 
findings reported good sensitivity and specificity [6, 29, 30]. 
In our cohort, the average prereduction SL angle was signif-
icantly greater in patients with SLI. However, nine patients 

without SLI had SL angles greater than 60°. One possible 
explanation is the presence of a displaced intraarticular dis-
tal radius fracture and the resulting carpal malalignment, 
which might obscure differences in intercarpal angles.

In our opinion, early diagnosis and treatment of high-
grade SLI associated with intraarticular fractures of the 
distal radius is worthwhile in active patients that place 
high demands on their wrists to facilitate repair and pre-
vent pain, disability, and arthrosis. Future studies should 
address this prospectively. Given that high-grade SLI asso-
ciated with fracture of the distal radius is uncommon, mul-
ticenter trials may be necessary. Wrist arthroscopy is nec-
essary for diagnosis in both groups, cases and controls, to 
diagnose complete scapholunate ligament injury and to be 
sure it is acute and not preexisting. An ideal study would be 
randomized, single blinded to the extent possible and use 
blinded to independent observers. Long-term studies would 
be necessary to determine the effect of treatment of the SLI 
on arthrosis.
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