Gao et al. BMC Musculoskeletal Disorders ~ (2024) 25:1085 BMC Musculoskeletal
https://doi.org/10.1186/512891-024-08215-1 Disorders
|

) ) ) ) )]
A new distal radius fracture classification ot

depending on the specific fragments
through machine learning clustering method

Yuling Gao'*, Yanrui Zhao'# Yang Liu'#, Shan Lei'“, Hanzhou Wang'#, Yuerong Lizhu?®, Tianchao Lu'#,
Zhexian Cheng®, Dong Wang'*, Binzhi Zhao'#, Ziyi Li'* and Junlin Zhou'*"

Abstract

Purposes The objective of this study was to investigate intra-articular distal radius fractures, aiming to provide a com-
prehensive analysis of fracture patterns and discuss the corresponding treatment strategies for each pattern.

Methods 294 cases of intra-articular distal radius fractures lines were collected and clustered thorough K-means
and hierarchical clustering algorithm. The demographic data of patients and the clinical treatment outcomes were
recorded. For functional evaluation, quick Disabilities of the Arm, Shoulder, and Hand (DASH) score, visual analog
scale (VAS) pain score, range of motion (ROM) of the wrist joint and the percentage of the grip strength relative

to the healthy wrist at 12 months follow-up were evaluated and recorded; For radiographic parameters of volar tilt
(VT), radial inclination (RI), and ulnar variance (UV) were obtained; The occurrence of complications was carefully
assessed and documented.

Results Totally 294 patients were included and divided into the volar side affected group and the dorsal side affected
groups. And each group was further categorized into three types: type |, with two parts fractures with either one
volar/dorsal side intact; type Il, with three parts fractures with volar/dorsal side simply affected; and type Ill, with four
parts fractures with volar/dorsal side communited affected. The volar plate fixation was performed as the standard
treatment, while the combined plate fixation was used for comminuted dorsal bone defects of the metaphysis

and impaction. There were no differences in the postoperative radiograph parameters, functional outcomes and inci-
dences of complications for each type of volar side group and dorsal side group except that the 3.2 type DRFs
showed less range of flexion (75.56+7.48)° and extension (61.65+9.9)° than other dorsal types.

Conclusions A new intra-articular distal radius fractures classification was proposed based on the affection condi-
tion of volar or dorsal side. The volar plate fixation is an effective treatment for the intra-articular distal radius fractures,
while combined plate fixation can be considered as an alternative treatment for dorsal side comminuted fractures.
Level of evidence Il a
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Introduction

The distal radius fracture (DRF) is one of the most com-
mon fracture types representing 16% of all [1]. Intra-
articular fractures are common in DRFs representing
approximately 60% of all DRFs, which are caused by a
complex interplay of various forces such as tension on
ligament, bone compression and shearing forces [2, 3].
Drawing upon CT scans and three-dimensional (3D)
reconstructions, surgeons can gain a deeper understand-
ing of the fracture patterns. The surgical intervention is
necessary for intra-articular fractures to achieve proper
anatomical reconstruction of the articular surface and
ensure secure fixation. It was discovered that the pres-
ence of ligament insertions could lead to recurring frac-
ture lines especially in many two-part fractures and the
term “osteoligamentary unit” was introduced [4, 5].
According to the biomechanical functions and anatomi-
cal characteristics, the articular fragments were iden-
tified and termed. Based on the three column theory,
fragments at the intermediate column include volar rim,
dorsal ulnar corner (DUC), dorsal wall, and free intra-
articular fragments [6]. The utilization of specific frag-
ment fixation in the clinical management of DRFs has
been proposed as an efficacious treatment for several
years [6-8].

However, there also exist the controversy in the con-
cept of the specific fragment fixation. On the one hand,
the current literature lacks a comprehensive and system-
atic description of the distribution of intra-articular frac-
ture lines in DRFs, resulting in an unclear understanding
of the fracture pattern. On the other hand, a contentious
debate also exists regarding the optimal treatment for
intra-articular DRFs, specifically between volar treat-
ment and alternative treatments. The meaching learn-
ing method provided an opportunity to analysis amount
complex fracture lines. Li, Jiantao et al. [9] collected 504
intertrochanteric fractures of preoperative CT data and
focused on a clustering analysis of morphological frac-
ture lines to identify classifications. In this study, we
aimed to study 294 intra-articular DRFs to summarize
the fracture patterns and discuss the treatment for each
pattern of fractures.

Methods

Patients and fractures modeling

Between January 2016 and December 2022, 426 consecu-
tive patients diagnosed with distal radius fractures were
recruited retrospectively at the department of ortho-
pedics of the local hospital. The inclusion criteria were
listed as below: (1) intra-articular fracture of distal radius;
(2) patient aged 18 years or older; and (3) preoperative
CT scans with the slice thickness below 1.5 mm). We
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excluded patients according to the following: (1) previous
surgery on the affected wrist; (2) mental disorders; (3)
open fractures; (4) fractures with associated neurovascu-
lar injuries; and (5) old fractures. The demographic infor-
mation of the patients was documented, encompassing
numerical data, gender distribution, injury side specifica-
tion, AO/OTA (Arbeitsgemeinschaft fiir Osteosynthese-
fragen /Orthopaedic Trauma Association) classification
and dislocation side identification. The fracture-disloca-
tion of the radiocarpal joint is distinguished by a lack of
connection between the carpus and distal radius which
can be further classified into volar dislocation, dorsal dis-
location, and neutral dislocation [10].

Each patient data from CT scans were exported in
data Digital Imaging and Communications in Medicine
(DICOM) format to the Mimics 21.0 system (Mate-
rialise, Belgium) where the 3D segments were recon-
structed and the fractures were simultaneously reduced.
And then the fracture model was imported into
3-maticresearch 13.0 (Materialise, Belgium) software.
Through Adobe Photoshop CC 2015 (Adobe Systems
Software Ireland, Dublin, Ireland), the intro-articular
fracture lines were extracted and recorded. Each intra-
articular fracture line could be recorded and translated
as a matrix through the Python code (img filename
list, img color=cv.imread, img resize=cv.resize, img
gray = cv.cvtColor, img bin = cv.threshold, img bin). And
then we need to calculate its distance to all other data
points, using the Hausdorff distance method to effec-
tively illustrate the variations among cases due to dis-
crepancies in the total pixel count on fracture lines. The
formula of Hausdorff distance can be expressed as h(A,
B) =max(a€A){ min(beB) { d(a - b) }}.

The K-means method and the Hierarchical clustering
were common clustering methods in the medical fields
[11]. The K-means method is a clustering based classifi-
cation algorithm, which works by iteratively updating the
cluster centers such that the distance between each clus-
ter center and all sample points is minimized [12]. The
procedure was performed as follows: 1.The initial cluster-
ing centers were randomly selected from K data points.
2.Data points were reassigned to the nearest cluster
center based on distance calculations, which may require
multiple iterations until each point is correctly assigned.
3.New cluster centers were determined by calculating the
mean of all data points within each cluster. The Hierar-
chical clustering is a method that systematically groups
data using either a top-down or bottom-up approach,
known as divisive and agglomerative hierarchical clus-
tering respectively [13]. The Hausdorff distance is used
to calculate the distances between all data points and
create a distance matrix. Then, a hierarchical clustering
algorithm is applied using this matrix for clustering. A
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Fig. 2 The definition of the fragment in distal radius fractures: 1.the
volar rim fragment, 2. the intermediate fragment, 3. the radial styloid
fragment, 4. the dorsal wall fragment, 5. the dorsal ulnar corner(DUC)
fragment; 4+ 5: the dorsal rim fragment

volar side group

1.1 volar rim
fragment

1 :Two parts fracture
ethier one side intact
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flowchart was made to describe the procedure of apply-
ing this method to DRFs as seen at Fig. 1.

As our experience on the knowledge of DRFs morphol-
ogy, we categorized the intra- articular affected degree
into three types: two fragments parts fractures, three
fragments parts fractures and over three parts fragments
fractures.The images produced by machine learning
methods were numbered and voted by six experienced
trauma surgeons. After a week, the image acquisition
procedure was repeated, and subsequently, inter-observer
and intra-observer reliability were assessed using the
kappa statistic.

Fragments identification

The distal radius can be divided into three columns based
on the biomechanical view: radial column, intermediate
column and ulnar column [14]. Accordingly, we iden-
tified based on the three column model.The location of
fragments at the articular surface can be seen at Fig. 2.

dorsal side group

1.2 dorsal rim
fragment/DUC
fragment

2.1 "} type with
DUC fragment,volar rim fragment
and radial styloid fragment

I:Three parts fracture
ethier one side simply affect

2.2 "+ "type with
dorsal rim fragment,volar rim
fragment and radial styloid

2.3 "Y” type with
dorsal wall fragment,
DUC fragment

fragment

[ -

3.1 volar rim fragment,
dorsal rim fragment,
intermediate fragment(free
intra-articular fragment),
radial styloid fragment

I: Four parts fracture
ethier one side comminuted affect

3.2 “4" type with
DUC fragment,
dorsal wall fragment,
volar rim fragment,
radial styloid fragment

\j

Fig. 3 The intra-articular DRFs were grouped into 2 groups depending on side affected and 3 types depending on the side affected degree. Each
group was further categorized into three types: type |, with two parts fractures with either one volar/dorsal side intact; type II, with three parts
fractures with volar/dorsal side simply affected; and type Ill, with four parts fractures with volar/dorsal side communited affected
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Fig. 4 For type 1.1 DRFs, the fracture line traversed from the the sigmoid notch to the volar side articular surface. The morphological characteristics
and the clinical treatment were shown as follows: a)-b) the fracture lines clustered by and covered on the intra-articular surface; c) the model
for type 1.1 DRFs; d) the CT scan for the fracture lines at the articular surface; e)-f) postoperative posteroanterior and lateral X-ray images

The radial styloid fragments mainly include the radial
column structure with the brachioradialis tendon and
the radioscaphocapitate and long radiolunate ligaments
inserted.

The volar rim fragments are formed by the flat volar
surface of the distal radius containing the fossa of lunate
with short and long radiolunate ligaments inserted. In
our study, the fragments distributed between the radial
styloid fragments and the volar rim fragments are named
the intermediate fragments. The impacted articular
pieces caused by higher energy violence are named the
intra-articular fragments [7].

The dorsal rim fragments as a a footprint for the ori-
gin of the dorsal radiocarpal ligament are formed by the
thin cortex and irregular dorsal side surface including the
dorsal wall fragments and the DUC fragments. The char-
acteristic anatomic landmark of dorsal wall fragments
mainly include the Lister notch. And the DUC fragments

mainly include the dorsal corner of the distal radioulnar
joint constituting the bony rim of the sigmoid notch and
serving as the origin of the dorsal radioulnar ligaments
[15]. One of the most important ligaments inserted at the
DUC fragments is the triangular fibrocartilage complex
as an important stabilizer of the distal radioulnar joint
[16].

Postoperative evaluation

For functional evaluation, quick Disabilities of the Arm,
Shoulder, and Hand (DASH) score, visual analog scale
(VAS) pain score, range of motion (ROM) of the wrist
joint and the percentage of the grip strength relative to
the healthy wrist at 12 months follow-up were evalu-
ated and recorded; For radiographic evaluation relevant
measurements of volar tilt (VT), radial inclination (RI),
and ulnar variance (UV) were obtained using standard
immediate postoperative posteroanterior and lateral
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Fig. 5 For type 1.2 DRFs, the coronal fracture line is closed to the dorsal side and forms the dorsal fragment. The morphological characteristics
and the clinical treatment were shown as follows: a)-b) the fracture lines clustered and covered on the intra-articular surface; c) the model for type
1.2 DRFs; d) the CT scan for the fracture lines at the articular surface; e)-f) postoperative posteroanterior and lateral X-ray images

radiographs; The occurrence of complications was care-
fully assessed and documented during each follow-up
period, encompassing reduction loss, infection, nerve
injury, tendon injury, irritation related to internal fixa-
tion and removal of implant. This section of the study
involved the participation of six experienced surgeons,

Table 1 Patients demographic data in type |

1.1 1.2 p

Number, n 60 30
Age, year 555+15.6 59+209 0.059
Gender(male: female), n 18:42 8:22 0.447
Injuried side(left: right), n 26:34 12:18 0.231
AQ classification, n

(B3:C1:.C2.C3) 32:20:6:2 2:22:3:3 0.021*

Dislocation side, n

(volar direction: dorsal direc-  57:0:3 10:8:12 <0.001*

tion: neutral direction)

*p<0.05

who were responsible for both implementing the meth-
odology and validating the collected data.

Surgical technique

Most patients were applied for the volar plate fixation
for the standard treatment. The patients were placed
in a supine position under a local or general anesthe-
sia. A incision about 6 cm was made through the Henry
approach. The fragments were fixed with the volar plate
under the fluoroscopic guidance. Either autogenous bone
graft or allograft was utilized for the purpose of filling
the bone defect. For difficult reduced dorsal fragments or
impacted intra-articular fragments, the method of volar
plating with limited dorsal open reduction was applied.
Typically, a 4-5 cm incision is made on the dorsal side
above the Lister tubercle in the dorsal approach. The
extensor retinaculum is divided in a Z-shaped manner,
and after subperiosteal dissection, the fracture is exposed
through the fourth extensor compartment. Reduction of
impacted articular fragments takes place. The dorsal plate
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Fig. 6 For type 2.1 DRFs, the fracture lines originated from the sigmoid notch and extended to the dorsal and volar side of the articular surface
forming a distinctive ” |—”shape.The morphological characteristics and the clinical treatment were shown as follows: a)-b) the fracture lines
clustered and covered on the intra-articular surface; ¢) the model for type 2.1 DRFs; d) the CT scan for the fracture lines at the articular surface; e)-f)

postoperative posteroanterior and lateral X-ray images

is fixed using screws from proximal to distal direction,
with the plate serving as a reduction tool. The combined
plate fixation method was used for severe impaction of
the dorsal cortex with bone defects in the metaphysis.

After the surgery, a cast was used to immobilize the
affected area for 4 weeks in cases of comminuted frac-
tures. The cast and auxiliary K-wires were removed after
approximately 1 month, followed by gradual commence-
ment of active and passive wrist rehabilitation.

Statistical analysis

Statistical analysis was performed using SPSS ver-
sion 22.0 (SPSS Inc, Chicago, Illinois, USA). Landis and
Koch’s [17] standards were used to interpret the statisti-
cal results: the closer the Kappa value is to 1, the better
the correlation; the smaller the Kappa value, the worse
the correlation. Values>0.80 reflect almost perfect
agreement; 0.61-0.80 indicate substantial agreement;
0.41-0.60 suggest moderate agreement; 0.21-0.40 imply

fair agreement; and values between 0 and 0.20 represent
slight agreement. Continuous variables data was con-
ducted by using single sample K-S test and run test to test
the normal distribution. Independent sample non-par-
ametric test or independent sample t test and Kendall’s
concordance coefficient were used according to whether
the distribution was normal. And the ANVOA (analysis
of variance) test was used for the comparison with more
than 2 groups. Chi-square test was used for dichotomous
variables. A p-value<0.05 was considered statistically
significant.

Results

Totally 294 patients were included and divided into the
volar side affected group and the dorsal side affected
groups. And each group was further categorized into
three types: The Type I was defined as fractures con-
sisting of two parts, with either the volar or dorsal side
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intact. It included two subtypes with an inter-observer
reliability of 0.73 and an intra-observer reliability of 0.85;
The type II was defined as three parts fractures with
volar/dorsal side simply affected. It included three sub-
types with an inter-observer reliability of 0.69 and an
intra-observer reliability of 0.89; The type III was defined
as four parts fractures with volar/dorsal side communited
affected. It included two subtypes with an inter-observer
reliability of 0.80 and an intra-observer reliability of 0.84.
The details could be seen in Fig. 3.

Type I DRFs include 69 volar side affected patients
for type 1.1 and 30 dorsal side affected patients for type
1.2. The characteristics of Type I DRFs included intact
volar rim fragments in type 1.1 as shown in Fig. 4, and
intact DUC fragments or dorsal rim fragments in type
1.2 as depicted in Fig. 5. There was significant difference
between type 1.1 (B3:C1:C2:C3, 32:20:6:2) and type 1.2
(B3:C1:C2:C3, 2:22:3:3) DRFs in the distribution of the
AOQ classification (p=0.021). The majority of the type 1.1

100

125

150
: a

volar rim fragment

radial styloid fragment
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dislocation direction concentrate on the volar direction
with 57 cases, while the type 2.2 had 10 volar direction
fractures, 8 dorsal direction and 12 neutral direction. The
different direction cases between two groups distribution
showed significant difference (p<0.001). The details of
patients demographic data could be seen in Table 1.

Type II DRFs were characteristic for three parts frac-
tures with volar/dorsal side simply affected. The articu-
lar fracture lines divide the articular surface into three
parts. In the volar side group of type II DRFs (n=69),
The morphological characteristics of type 2.1 DRFs and
Type 2.2 DRFs can be seen in Figs. 6 and 7. In the dorsal
side group, 35 cases of type 2.3 DRFs were characterized
like “Y” shape as shown in Fig. 8. The details of patients
demographic data could be seen in Table 2.

Type III DRFs with either one side comminuted frac-
tured included 58 volar side affected patients for type
3.1 and 42 dorsal side affected patients for type 3.2. The
morphological characteristics of comminuted volar side

Fig. 7 For type 2.2 DRFs, the fracture lines traversed coronally through the articular surface and extended to the volar side like ”J—”shape The
morphological characteristics and the clinical treatment were shown as follows: a)-b) the fracture lines clustered and covered on the intra-articular
surface; ¢) the model for type 2.2 DRFs; d) the CT scan for the fracture lines at the articular surface; e)-f) postoperative posteroanterior and lateral

X-ray images
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in type 3.1 DRFs and comminuted dorsal side in type 3.2
can be seen in Figs. 9 and 10. There was significant dif-
ference between type 3.1 (B3:C3.1:C3.2:C3.3, 20:19:16:3)
and type 3.2 (B3:C3.1:C3.2:C3.3, 5:8:27:2) DRFs in the
distribution of the AO classification (p=0.008). The dis-
location direction of type 3.1 DRFs includes 52 cases in
the volar direction, 3 cases in the dorsal direction, and 3
cases in the neutral direction. For type 3.2 DRFs, there
are 30 cases in the dorsal direction, 4 cases in the volar
direction, and 8 cases in the neutral direction. There
was a significant difference between these two types
regarding dislocation directions (p<0.001). The details of
patients demographic data could be seen in Table 3.

As shown in the Table 4, there were no differences in
the postoperative radiograph parameter, range of motion,
the functional outcome and the incidences of complica-
tions for each type of volar side group.

As shown in the Table 5, there were no differences in
the postoperative radiograph parameter, the functional
outcome and the incidences of complications for each
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type of dorsal side group. The 3.2 type DRFs showed less
range of flexion (75.56 + 7.48°) and extension (61.65 +9.9°)
than other dorsal types (p<0.05).

Discussion

Fracture mapping technology combined with CT scan
technology have been applied for revealing the fracture
lines characteristic of the intra-articular DRFs [18-20].
For the current classifications of DRFs, the AO/OTA
classification is the most widely used and comprehensive
classification. The Fernandez classification focused on
the mechanism of injury. However, both of them lack fur-
ther description of the articular fractures affected situa-
tion. A few classifications, such as the Mayo classification
for the lunate fossa and sigmoid fossa affected situation,
and the Melone classification for the intermediate col-
umn affected situation, describe types of intra-articular
DRFs. But the current classifications of intra-articular
DRFs are limited to describing the affected area of the

Fig. 8 For type 2.3 DRFs, the fracture lines traversed along the dorsal side and radial styloid forming like “Y” shape. The morphological characteristics
and the clinical treatment were shown as follows: a)-b) the fracture lines clustered and covered on the intra-articular surface; c) the model for type
2.3 DRFs; d) the CT scan for the fracture lines at the articular surface; e)-f) postoperative posteroanterior and lateral X-ray images
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Table 2 Patients demographic data in type I

2.1+22 2.3 p

Number, n 69 35
Age, year 50+£14.9 56.5+220 0.866
Gender(male: female), n 31:38 17:18 0.993
Injuried side(left: right), n 36:33 13:22 0.237
AO classification, n

(B3:C3.1:C3.2:C3.3) 12:8:1:48 0:7:8:20 0.069
Dislocation side, n

(volar direction: dorsal direc-  33:7:29 7:5:23 0.212

tion: neutral direction)

fracture, lacking specific descriptions of the fracture lines
and fragments, thus having limited impact on clini-
cal guidance and the development of surgical treatment
strategies. Our study stepped further to distinguish dif-
ferent fracture lines types from complex intra-articular
fracture lines through machine learning methods. To

intermediate fragment

radial styloid fragment
- volar rim fragment

d
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the best of our knowledge, it is the first study trying to
identified and classified intra-articular DRFs according
to the specific fragments and distal radius articular sides
of fracture lines affected. The surgeons could gain a bet-
ter understanding of the patterns of intra-articular DRFs,
enabling them to choose between regular volar plate fixa-
tion or other fixation strategies.

For unstable DRFs, it were defined by Orbay and Fer-
nandez with radiographic evidence of 15°angle at least on
orthogonal plane as well as an articular step or possible
radius shortening bigger than 2 mm [21]. In our study,
the dislocation direction was mainly formed by the volar
side dislocation. But compared to the volar side affected
group, the dorsal side dislocation incidences were relative
higher than the volar side affected group. And most of the
dorsal side dislocation belonged to the subluxation apart
from the 3.2 type DRFs. For volar side affected group, we
suspected that the violence force are mainly caused by
the impaction force concentrating on the volar side with

75

100

125

150

175

Fig. 9 For type 3.1 DRFs, the fracture lines derived from the sigmoid notch, dorsal side, radial side and volar side, and crossed along the interfossal
ridge forming like “x” shape. The morphological characteristics and the clinical treatment were shown as follows: a)-b) the fracture lines clustered
and covered on the intra-articular surface; ¢) the model for type 3.1 DRFs; d) the CT scan for the fracture lines at the articular surface; e)-f)

postoperative posteroanterior and lateral X-ray images
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radial styloid fragment volar rim fragment

uC fragment
dorsal wall fragment

Fig. 10 For type 3.2 DRFs, the fracture lines derived from the sigmoid notch, dorsal side, radial side and volar side, and crossed along the interfossal
ridge forming like “+"shape. The morphological characteristics and the clinical treatment were shown as follows: a)-b) the fracture lines clustered
and covered on the intra-articular surface; €) the model for type 3.2 DRFs; d) the CT scan for the fracture lines at the articular surface; e)-f)
postoperative posteroanterior and lateral X-ray images

or without the dorsal side affected. Therefore the B type
of AO classification fractures could exist in any subtype
DRFs in the volar side affected group.

The dorsal part of DRFs were studied in previous study
focusing on the dorsal cortex and the dorsal disloca-
tion [10, 22—-24]. Our study showed that the dorsal frag-
ments usually indicated the complete articular fracture
(type C fracture in the AO classification). Souer JS also
supported that the volar shearing fractures were usually
complete articular fracture (75%) and the identification
of dorsal cortex fracture would avoid the inadequate dor-
sal plate or percutaneous fixation [22]. Daly MC depicted
the fragment number of dorsal cortical breaks ranging
from 2 to 4 pieces [25]. Biondi M divided the dorsal dis-
location DRFs into three groups which the dorsal types
depicted in our study are in accordance with [10]. The
comminuted metaphyseal and depression fractures usu-
ally affected around the dorsal wall fragment. The dorsal
dislocation in DRFs is largely due to the dorsal articular

Page 11 of 14

surface impaction and the avulsion of the radiocarpal
ligaments.

In our volar side affected group, the VLP fixation has
achieved satisfying outcome and no differences were
found in the assessment of functional scores and radio-
graphic parameters. Similarly, other studies have showed
the VLP fixation as an effective treatment for the volar
Barton’s fractures and C type fractures [26, 27]. No differ-
ences of radiographic parameters and functional scores
assessments were found in the volar side affected group,
which could be accounted by that the improved anatomic
parameters provided by the VLP fixation for the advan-
tage of clear vision and room for the implant [28].

For dorsal side affected group, the volar approach
increase the difficulty of the capture for dorsal rim
fragments, although the volar plate fixation has the
advantage of the sufficient room and the flat cortex for
implant placement [29, 30]. Zimmer ] showed that the
use of screws that extend only 75% across the distal
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Table 3 Patients demographic data in type IlI

3.1 3.2 p

Number, n 58 42
Age, year 52.14+13.93 56.76+12.29 023
Gender(male: female), n 32:26 19:23 0.194
Injuried side(left: right), n 34:24 20:22 03
AO classification, n

(B3:C3.1:C3.2:C3.3) 20:19:16:3 5:8:27:2 0.008*
Dislocation side, n

(volar direction: dorsal 52:3:3 4:30:8 <0.001*

direction: neutral direction)

*p<0.05

radius would generally not capture the DUC fragment
[31]. The treatment for the dorsal fragment is still be
controversial. Type 3.2 DRF is formed by volar rim
fragment, radial styloid fragment, dorsal wall fragment
and DUC fragment and involves dorsal side severely
comminuted. The die-punch fragment firstly defined as
the dorso-medial fragments separated from the lunate
facet particularly represents a great challenge for surgi-
cal treatment [32]. Due to restoring anatomical align-
ment and articular congruity is essential for satisfactory
functional result, we take combined plating fixation for
the treatment of DRFs with bone defects of the meta-
physis and significant impaction of the dorsal wall frag-
ments. For dorsal severely comminuted DRFs as well as
four-part DRFs, the combined plate fixation are pro-
posed to be effective to reconstruct the functional wrist

Table 4 The treatment outcome in the volar affected group
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[26, 27]. In a retrospective cohort study, Rozental and
Blazar also found similar DASH scores between dor-
sal plates group and volar group despite that the volar
plates group increased the risk of loss of reduction and
malunion [33]. However compared to the volar plate
fixation, the combined plating fixation may have a neg-
ative effect on wrist ROM and that hard ware removal
is more frequently need in patients treated with com-
bined plating [28, 34]. In our study, the type 3.2 DRFs
showed less range of flexion and extension than other
dorsal types. Although no statistically significant differ-
ences were observed in complication rates among the
various dorsal groups, it appears that the incidences
of internal fixation irritation and implant removal are
comparatively higher than those associated with other
dorsal types. Similarly, Biondi M divided the dorsal
fracture-dislocation into four types and the type IV
with large dorsal wall fragments and volar side both
affected also showed less favourable outcomes [10]. The
phenomenon could be accounted for that dorsal plat-
ing might lead to the displacement of the reduced frag-
ment in cases of severe dorsal comminution and induce
extensor tendon irritation [28, 35].

There are several limitations in our study. Firstly,
though each type was clustered through the machine
learning method, the identification and selection from
several types provided by the machine learning still
depended on the subjective simplification. Secondly,
because of multiple planes provided by the CT scan,

1.1 2.1 2.2 3.1

Postoperative radiograph parameter

VT 13.77+5.01 10.15+5.70 12.27+4.80 13.09+4.89

RI 19.95+4.17 20.02+£4.12 2151+£397 21.67£441

uv —0.04+0.15 —-0.02+040 -0.13£0.09 0.13£0.16
Range of motion

Flexion® 78.17+6.6 80.06+3.20 84.25+6.98 81.56+7.48

Extension® 65.29+7.5 5841+16.3 57.68+23.6 61.65+9.9

Supination® 9248+6.2 84.61+£143 88.15£116 86.70£154

Pronation® 89.65+13.9 92.02+156 87.57+84 86.36+£20.3
Functional score

DASH score 44+3.1 3.7£20 55+28 42+34

VAS score 0.7£0.2 1.1£0.7 19£1.1 1.7£06

Grip strength 82.63£2.5% 83.11£10.5% 79.18+7.8% 80.89+£5.9%
Complication

Infection 0 2 1 1

Reduction loss 0 0 1 2

Nerve injury 1 0 0 1

Irritation of internal fixation 4 1 3 3

Tendon injury 1 0 1 0

Removal of implant 6 7 9 7
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Table 5 The treatment outcome in the dorsal affected group

2.2 2.3 3.2

Postoperative radiograph parameter

VT 1330+435 10.76£3.20 12274253

RI 22.02+£500 2294+466 24.022+343

uv -009+£020 0.15+£0251 0.02+025
Range of motion

Flexion® 7917+66  80.06+320 7556+7.48°

Extension® 68.29£7.5 72414163 6165+9.9°

Supination® 9248+6.2 8461+143 86.70+154

Pronation® 89.65+139 9202+£156 86.36+203
Functional score

DASH score 47+08 51+1.2 59+£13

VAS scroe 05+0.2 1.6+£1.0 14+03

Grip strength 88+5.9% 89+3.3% 86+8.5%
Complication

Infection 0 1 1

Reduction loss 2 0 2

Nerve injury 0 0 0

Irritation of internal fixation 0 2 12

Tendon injury 0 0 0

Removal of implant 4 5 17

? the flexion degree in the 3.2 group exhibited significant differences compared
to the 2.2 group (p=0.02), as well as compared to the 2.3 group (p=0.04)

b the extension degree in the 3.2 group exhibited significant differences
compared to the 2.2 group (p=0.008), as well as compared to the 2.3 group
(p=0.01)

there may exist errors in selecting distal radius articular
plane which may take the metaphysis fractures mistake
for articular fractures. The limited number of surgeons
(six in total) with expertise and technique may introduce
potential bias, thereby influencing outcomes and reduc-
ing external validity. The reliance on CT-based 3D recon-
struction limits the applicability of the findings to settings
without readily available imaging. Studies that consider
the influence of different surgical techniques and surgeon
expertise would offer a more nuanced understanding of
treatment outcomes. Thirdly, though 294 patients were
enrolled in our study, there still can involved patients as
many as possible in the machine learning method. Apart
from increasing the sample size, external datasets would
also validate the classification’s applicability. Meanwhile,
the lack of diversity in patient backgrounds needs to be
addressed to improve the study’s relevance across dif-
ferent clinical settings. At last but not least, due to the
optimal treatment for intra-articular DRFs is still contro-
versy, the comparisons of functional outcomes across dif-
ferent treatment methods need to be further debate. The
focus of our study lies in proposing various fracture pat-
tern morphologies, while lacking the evidence necessary
to address treatment choices.
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Conclusion

A new intra-articular distal radius fractures classification
was proposed based on the affection condition of volar or
dorsal side. The volar plate fixation is an effective treat-
ment for the intra-articular distal radius fractures, while
combined plate fixation can be considered as an alterna-
tive treatment for dorsal side comminuted fractures.
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