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 Background: Three-dimensional (3D) images can provide additional information on bone fractures, especially in patients 
with intra-articular distal radius fractures (DRFs). We aimed to identify possible risk factors for adverse out-
comes using a 3D reconstruction technique.

 Material/Methods: We retrospectively reviewed adult patients who underwent plaster immobilization with or without closed re-
duction for DRFs in our hospital between February 2016 and May 2019. The 3D reconstruction image of DRFs 
was viewed from multiple angles to determine the existence of gaps or steps. Then, a semiquantitative stan-
dard was used to assess the severity of fracture. The patients’ basic data and radiographic data were collect-
ed, and multiple linear regression analyses were used to identify possible risk factors associated with adverse 
outcomes.

 Results: A total of 89 cases were analyzed in our study. There were 28, 39, and 22 patients with level 1, 2, or 3 fractures, 
respectively, based on the semiquantitative standard. In a multiple linear regression, preoperative severity de-
gree (b, 0.393; 95% confidence interval [CI], 0.260–0.526) and postoperative rehabilitation exercise (b, 0.352; 
95% CI, 0.023–0.681) were associated with the Patient-Rated Wrist Evaluation during follow-up.

 Conclusions: Our study presents a new method based on 3D reconstruction images to assess the severity of intra-articular 
DRFs. Patients who were identified as having severe fractures based on this method were found to have worse 
functional outcome.
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Background

Distal radius fractures (DRFs) are among the most common 
fractures presenting in the Emergency Department. They can 
be caused by a simple fall in elderly individuals who have weak 
bone or by high-energy trauma in young adults [1]. The man-
agement for DRFs is variable, and both conservative and sur-
gical treatment methods have been used for patients [2,3]. 
Regardless of the method, the main goal is to restore the ar-
ticular surface and the anatomical alignment of the distal ra-
dius. Among these fractures, intra-articular fractures account 
for nearly 25% of all DRFs [4]. According to previous studies, 
treating intra-articular DRFs with caution is important because 
step-off or gap distance can increase the risk of complications, 
such as tendon adhesion and arthrofibrosis [5,6]. For most pa-
tients with apparent displacement, surgical treatment is rec-
ommended to fix important articular fragments and restore 
the articular surfaces to achieve early rehabilitation, while 
closed reduction and plaster immobilization constitute the 
first choice of treatment for those with little dislocation [7,8].

Three-dimensional (3D) images of articular surface can be re-
constructed by use of images from computed tomography (CT). 
In 3D reconstruction images, articular surface details such as 
the fossa and ankle are clearly displayed. Compared with tra-
ditional CT images, this technique could provide important 
information for surgeons from many angles [3]. For example, 
Schnetzke et al. [9] used intraoperative 3D imaging and un-
covered pathological findings in 54 of 307 patients (17.6%). 
These details were not seen on conventional fluoroscopy, and 
immediate intraoperative revision was necessary.

The clinical outcomes of conservative treatment for intra-ar-
ticular DRFs vary, and step-offs as well as gaps are consid-
ered to have a substantial effect on the final results. For com-
mon intra-articular DRFs, X-ray is still the most common test. 
X-rays are easily performed, but they can only recognize ap-
parent intra-articular fractures and tend to miss small step-
offs or gaps because only a single projection angle is possible 
and other bones can block a clear view. CT images can reveal 
small fractures, but it has limited capacity to capture a full 
view of the overall fracture.

We assumed that 3D images could provide additional informa-
tion, especially in patients with intra-articular DRFs. However, 
it was unknown whether this technique could predict the out-
comes of conservative treatment for intra-articular DRFs. In 
this study, patients with intra-articular DRFs were followed up 
after conservative treatment. We assessed their clinical out-
comes, and with the assistance of a 3D reconstruction tech-
nique, we identified predictive factors that may be correlated 
with adverse outcomes.

Material	and	Methods

Patient population

This study retrospectively reviewed patients with DRFs who 
underwent plaster immobilization with or without closed re-
duction between February 2016 and May 2019. The inclusion 
criteria were patients over 18 years with stable intra-articular 
DRFs confirmed by CT examination. Patients with open frac-
tures, associated carpal bone fractures, inflammatory joint dis-
ease, gout, a combined nerve compression, or history of hand 
or upper extremity surgery were excluded from this study. 
Patients with incomplete follow-up data were also excluded 
from this study. The Ethics Committee of the Third Hospital of 
Hebei Medical University approved this research and waived 
the need for informed consent because this study was a ret-
rospective observational study and all data were anonymized.

Treatment

At the initial visit of each patient, both X-ray and CT examina-
tions were performed. Plaster immobilization was used for pa-
tients with little fracture displacement or those who expressed 
unwillingness for other treatment. For patients with apparent 
fracture displacement, closed reduction was performed first, and 
plaster immobilization was performed if the reduction was con-
sidered to be acceptable; otherwise, surgical treatment was rec-
ommended. Acceptable alignment was defined by a radial inclina-
tion of >15°, dorsal angulation of <10°, or ulnar positive variance 
of <3 mm. Experienced surgeons performed all reduction proce-
dures. After reduction, addition X-ray and CT examinations were 
performed, and the final radiological outcome was evaluated.

Patients were followed up at 1, 2, 4, and 6 weeks after immo-
bilization. An X-ray test was performed at each routine follow-
up time. When the fracture healed, the plaster was removed 
and range of motion exercises were started.

At the 1-year follow-up, additional clinical assessment was 
performed. The functional outcome was assessed using the 
Patient-Rated Wrist Evaluation (PRWE), which is a self-adminis-
tered region-specific outcome measurement instrument devel-
oped for use in evaluating disability and pain of the wrist [10].

Data collection and parameter evaluation

The following data were collected from the patients: age, sex, 
side of injury, dominant hand, plaster position, presence of 
osteoporosis, and preoperative swelling. Preoperative swell-
ing was assessed on the first day of hospitalization. If the 
wrist was swollen compared with the contralateral side but 
the skin texture could be recognized, the swelling was consid-
ered to be slight. If the skin texture could not be recognized or 
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blisters were present, the swelling was considered to be severe. 
Radiographs were assessed to determine the fracture type, AO 
classification, and ulna status. We also performed measure-
ments for ulnar inclination, volar angulation, and ulnar vari-
ance according to the radiographs after reduction. Wrist exer-
cise advice was given by surgeons according to the status of 
fracture healing. Patients who followed the advice were consid-
ered as having performed proper wrist rehabilitation exercise.

A 1.0-mm CT scan (Aquilion 64; Toshiba, Tokyo, Japan) of the 
distal radius was performed for each patient after completion 
of plaster immobilization. The data were kept in DICOM for-
mat and were 3D reconstructed using Mimics 18.0 (Materialise, 
Belgium). The software’s editing function was used to separate 
the distal radius from the carpal bone and remove the ulnar 
bone image. The 3D reconstruction image of the fractured dis-
tal radius was viewed from multiple angles to determine the 
existence of gaps or steps and the position of fracture lines. 
Based on the anatomical structure of the distal radius, there 
were 3 parts to focus on: scaphoid fossa, lunate fossa, and 
sigmoid notch (Figure 1). Gaps or steps were considered when 
the distances of fracture borders were more than 1 mm. The 
cutoff value was used to distinguish gaps or steps from com-
mon fracture lines. The severity degree regarding the articu-
lar surface was determined based on the criteria in Table 1.

Statistical analysis

Data analyses were performed using SPSS version 18 for 
Windows (SPSS, Inc., Chicago, IL, USA). Data are presented as 

the number of subjects in each group or mean±standard de-
viation (SD). We used Pearson and Spearman correlation co-
efficients to assess correlations between the dependent vari-
able (PRWE) and independent variables (age, sex, side of injury, 
dominant hand, fracture type, associated ulna fracture, AO 
classification, severity degree, time of reduction, radial incli-
nation, volar tilt, ulnar variance, and rehabilitation exercise). 
After univariate analyses, variables found to be potentially as-
sociated with the PRWE (P<0.10) were included in the multiple 
linear regression models. Backward stepwise selection was per-
formed with PRWE as an outcome and other factors as explan-
atory variables. P<0.05 was considered statistically significant.

Results

A total of 89 cases were analyzed in this study. The patients 
included 39 men and 50 women. The mean age at the time of 
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Figure 1.  Three-dimensional (3D) images of articular surface were reconstructed by use of computed tomography images: (A) 3D 
images of wrist joint; (B) 3D images of distal radius; (C) scaphoid fossa and lunate fossa from the upper view; (D) sigmoid 
notch of distal radius from the ulnar view.

Severity 
degree

Characteristics	of	images

1
Any fracture line pass through the articular 
surfaces without gap or step

2 A gap or step on one articular surface

3
Gaps or steps on two or three articular 
surfaces

Table 1.  Classification of intra-articular distal radius fractures 
according to 3-dimensional reconstruction images.
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fracture was 56.8±7.3 years. Forty-one patients injured their 
left wrist, and 48 patients hurt their right one. Forty wrist in-
juries involved the patient’s dominant hand, and 49 affected 
the nondominant hand. Seventy-two injuries resulted from 
low-energy trauma, while 17 were due to high-energy trauma. 
Forty patients did not undergo closed reduction, 44 patients 
underwent reduction once, and 5 patients underwent reduc-
tion twice or more. According to the 3D reconstruction imag-
es of DRFs, we divided patients into 3 groups according to the 
level of fracture. There were 28, 39, and 22 patients with lev-
el 1, 2, or 3 fracture, respectively. A total of 61 patients had 
steps or gaps on the articular surface. Thirty-nine patients had 
a step or gap on 1 articular surface, 13 patients had gaps or 
steps involving 2 articular surface, and 9 patients had gaps 
or steps involving 3 articular surfaces (Figure 2). After a more 
than 1 year of follow-up, the average PRWE of patients was 
15.3±4.7. The data are summarized in Table 2.

Table 3 presents the results of the Pearson and Spearman cor-
relations. Fracture type, associated ulna fracture, severity de-
gree, and rehabilitation exercise were significantly correlated 
with PRWE (P<0.10), while correlations were nonsignificant for 
age, sex, side of injury, dominant hand, plaster position, os-
teoporosis, preoperative swelling, AO classification, displaced 
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Figure 2.  The details of lesions according to 3-dimensional reconstruction images: (A) the number of patients with different severity 
degree; (B) the number of patients with different numbers of articular surfaces involved; (C) the number of lesions with 
different types of lesions; (D) the number of lesions with different positions of lesions.

Variable Value

Number 89

Age (years), mean±SD  56.8±7.3

Gender (Male/Female) 39: 50

Sides of injury (left/right) 41: 48

Dominant hand (yes/no) 40: 49

Fracture type (simple/multiple) 22: 67

Associated ulna fracture (yes/no) 28: 61

AO classification (type B/type C) 37: 52

Severity degree (1/2/3) 28: 39: 22

Times of reduction (0/1/2~) 40: 44: 5

Ulnar inclination (°), mean±SD  19.8±6.4

Volar tilt (°), mean±SD  10.8±4.1

Ulnar variance (mm), mean±SD  1.8±0.8

Rehabilitation exercise (yes/no) 72: 17

PRWE, mean±SD  15.3±4.7

Table 2.  Baseline characteristics of patients with intra-articular 
distal radius fractures.

PRWE – the patient-rated wrist evaluation system.
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fracture, time of reduction, ulnar inclination, volar tilt, and ul-
nar variance. In the further stepwise multiple linear regression 
for PRWE, preoperative severity degree (b, 0.393; 95% confi-
dence interval [CI], 0.260–0.526) and postoperative rehabili-
tation exercise (b, 0.352; 95% CI, 0.023–0.681) were associat-
ed with the PRWE during follow-up (Table 4).

Discussion

Identification of the predictive factors for adverse outcomes 
may help surgeons to identify patients at risk for a poor prog-
nosis and subsequently change their treatment plan and ad-
just follow-up decisions as needed. In our study, patients with 
intra-articular DRFs who underwent conservative treatment 
were carefully reviewed. Our investigation revealed that ad-
verse outcomes after conservative treatment are likely to arise 
from multiple factors. Patients with severe fracture or improper 
rehabilitation exercise have a higher risk of a poor prognosis.

DRFs are considered to be one of the most common type of 
fractures. Although the anatomical structure of the distal ra-
dius is complex, the following 3 intra-articular areas are key 
regions to focus on: scaphoid fossa, lunate fossa, and sigmoid 
notch. These areas are in direct contact with the proximal row 
of carpal bones or capitulum ulnae, and thus play an impor-
tant role in the process of wrist movement [11]. As the func-
tions of the wrist joint mostly depend on the integrity and 
smoothness of the articular surface, a rough articular surface 
is the main cause for increased risk of traumatic osteoarthri-
tis and unsatisfactory function recovery [12]. Previous stud-
ies have described arthroscopically assisted fracture reduc-
tion in the operative treatment of DRFs, and concluded that 
2-dimensional fluoroscopy is prone to misinterpretation of 
steps or gaps [13,14]. However, these findings confirmed that 
joint incongruities and concavity of the joint surface cannot 
be clearly revealed with standard 2-dimensional fluoroscopy.

Three-dimensional printing technology is being rapidly devel-
oped in the medical field and has become accessible and fea-
sible for use in orthopedic surgery [15]. Details of the articular 
surface can be reconstructed from 3D images based on data 
from preoperative CT examination [16]. According to previous 
studies, 3D printing is extremely helpful for preoperative eval-
uation and planning as well as for intraoperative navigation. 
With the use of 3D printing, a 1: 1 size model of the injured 
elbow helped in evaluating the fracture type and fragments 
and improved the accuracy of reduction [3,17,18]. However, no 
previous studies have used this approach to predict the out-
comes of conservative treatment of DRFs.

Variable 
Correlation 
coefficient

P value

Age 0.556 0.122

Gender 0.238 0.942

Sides of injury 0.146 0.664

Dominant hand 0.255 0.992

Plaster position 0.462 0.877

Osteoporosis 0.312 0.589

Preoperative swelling 0.287 0.328

Fracture type 0.673 <0.001

Associated ulna fracture 0.459 0.020

AO classification 0.334 0.383

Displaced fracture 0.287 0.210

Severity degree 0.887 <0.001

Times of reduction 0.348 0.458

Ulnar inclination –0.677 0.137

Volar tilt –0.432 0.080

Ulnar variance 0.366 0.134

Rehabilitation exercise 0.784 <0.001

Table 3.  Correlation analysis results between patient-rated wrist 
evaluation and potential factors.

PRWE – the patient-rated wrist evaluation system.

Variables b 95% CI for b P

Fracture type 1.910 –2.042–5.862 0.287

Associated ulna fracture 0.903 0.789–1.017 0.176

Severity degree 0.393 0.260–0.526 <0.001

Rehabilitation exercise 0.352 0.023–0.681 0.034

Table 4. Results of multiple regression linear analysis. (R2=0.68).

b – partial regression coefficient; Sb – standard error of mean.
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Through 3D studies of the osteoarticular surface, steps or gaps 
resulting from fracture lines can be investigated stereoscopi-
cally [19], which led to a new method for assessing the sever-
ity of intra-articular DRFs. By analyzing accurate morphomet-
ric information, we set a semiquantitative standard, in which 
the fracture severity was divided into 3 levels to assess the 
smoothness of the wrist joint. The current study showed that 
the fracture severity was associated with adverse outcomes, 
and this method could allow doctors to characterize a fracture 
more specifically and to better predict the final outcomes af-
ter conservative treatment.

Our study had several limitations. First, only patients who un-
derwent conservative treatment were included in the study, 
and the findings do not permit generalization to patients re-
ceiving surgical treatment. Second, in patients with severely 
comminuted fractures, the current technology cannot differen-
tiate the smallest fracture fragments. Third, only limited prog-
nostic factors were analyzed; inclusion of other factors could 
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