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Abstract 

Objective: To develop the RUAL classification based on three-dimensional fracture-

line mapping, investigate the association between distinct distal radius fracture 

morphologies and ulnar styloid base fractures, and assess the potential value of these 

morphologic patterns as imaging clues to injury of the ulnar-sided osteoligamentous 

complex. 

Methods: We retrospectively included 233 patients with distal radius fractures 

accompanied by ulnar styloid fractures who were treated at Beijing Jishuitan Hospital 

between January and December 2023. Preoperative CT data were used for three-

dimensional reconstruction, virtual reduction, and fracture-line superimposition. 

RUAL classification was performed according to the involvement patterns of the 

sigmoid-notch rim, the scapholunate ridge, and the articular surface. The primary 

outcome was the distribution of ulnar styloid tip versus base fractures. Categorical 

variables were analyzed using the Pearson chi-square test; the Fisher–Freeman–Halton 

exact test was used when expected cell counts were <5, and age was compared using 

one-way analysis of variance. In an exploratory analysis, types II-A, II-C, and III were 

combined as a morphologic high-risk group, whereas types I and II-B were combined 

as a low/intermediate-risk group. Odds ratios (ORs) and 95% confidence intervals (CIs) 

were calculated. In addition, 80 imaging studies were randomly selected and 

independently interpreted twice, 4 weeks apart, by two experienced musculoskeletal 

attending physicians who had undergone standardized training. Interobserver and 

intraobserver reliability were assessed using unweighted Cohen’s kappa with 95% CIs. 



Results: RUAL type I was identified in 100 patients (42.9%), type II in 115 (49.4%), 

and type III in 18 (7.7%). Among type II fractures, 16 were type II-A, 87 were type II-

B, and 12 were type II-C. The distribution of ulnar styloid fracture location did not 

differ significantly across the six subtypes (χ²=5.071, P=0.407) or among the three 

major RUAL types (χ²=0.533, P=0.766). After exploratory pooling, ulnar styloid base 

fractures were present in 26 of 46 patients (56.5%) in the high-risk group and 74 of 187 

patients (39.6%) in the low/intermediate-risk group. This difference was statistically 

significant (χ²=4.329, P=0.037), with an OR of 1.99 for base fracture in the high-risk 

group relative to the low/intermediate-risk group (95% CI, 1.03–3.81; Fisher’s exact 

test, P=0.046). For reliability, interobserver κ values were 0.631 (95% CI, 0.496–0.765) 

and 0.570 (95% CI, 0.424–0.717) in the two reading rounds, respectively; intraobserver 

κ values were 0.909 (95% CI, 0.831–0.986) and 0.826 (95% CI, 0.726–0.927) for the 

two observers, respectively (all P<0.001). 

Conclusion: Overall comparisons across the three major RUAL types and six subtypes 

did not demonstrate a significant difference in ulnar styloid fracture location. However, 

exploratory risk grouping suggested that volar or combined volar–dorsal sigmoid-notch 

rim disruption and a central sagittal split were associated with enrichment of ulnar 

styloid base fractures. These morphologic patterns may therefore serve as imaging 

warning signs prompting further assessment of the triangular fibrocartilage complex 

(TFCC) and distal radioulnar joint (DRUJ) stability, but they should not be used to 

directly diagnose a deep TFCC tear or to determine whether the ulnar styloid should be 

fixed. 
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triangular fibrocartilage complex; three-dimensional fracture-line mapping; 

classification 

Introduction 

Distal radius fractures are among the most common upper-extremity fractures, and 

approximately 50% are accompanied by an ipsilateral ulnar styloid fracture [1,2]. Ulnar 

styloid base fractures are often associated with tears of the deep fibers of the triangular 

fibrocartilage complex (TFCC) and may result in distal radioulnar joint (DRUJ) 

instability [3,4], although their clinical relevance and implications for treatment remain 

controversial. Several studies have reported that a concomitant ulnar styloid fracture 

has little or no effect on wrist functional recovery [5–7], particularly when the DRUJ is 



stable after fixation of the radius [8]. Conversely, other evidence suggests a higher 

incidence of postoperative ulnar-sided wrist pain in patients with base fractures [9,10]. 

These conflicting findings highlight the limitations of conventional classifications and 

the need for more precise morphologic tools for risk stratification. 

DRUJ stability depends in part on the TFCC attachment at the base of the ulnar 

styloid [11,12]. Avulsion fractures at the styloid base may indicate failure of the deep 

TFCC fibers [4]. However, the quantitative relationship between specific distal radius 

fracture morphologies, such as sigmoid-notch rim fractures, and ulnar styloid base 

fractures has not been systematically characterized [13]. Previous studies have largely 

focused on global displacement parameters [14] or biomechanical behavior [15], rather 

than on detailed correspondence between patterns of structural disruption. We therefore 

developed a new classification for distal radius fractures with concomitant ulnar styloid 

fractures—the RUAL (Radioulnar Articular Coupling) classification—by 

comprehensively evaluating involvement of the scaphoid and lunate fossae, the volar 

and dorsal rims, patterns of sigmoid-notch injury, sagittal splitting along the 

scapholunate ridge, and the precise anatomic location of the ulnar styloid fracture (tip 

vs base). We further analyzed the association between specific distal radius fragment 

patterns and the anatomic location of the ulnar styloid fracture. 

Materials and Methods 

Study Design and Patient Selection 

This single-center retrospective case-series study consecutively screened patients 

treated at Beijing Jishuitan Hospital from January through December 2023. Because all 

eligible cases within the prespecified study period were included, no a priori sample-

size calculation was performed. The inclusion criteria were: (1) an acute, closed, 

unstable distal radius fracture; (2) complete preoperative high-resolution multidetector 

CT data suitable for three-dimensional reconstruction; and (3) a concomitant ipsilateral 

ulnar styloid fracture. The exclusion criteria were: (1) skeletal immaturity; (2) pre-

existing wrist deformity; (3) severe metabolic bone disease; and (4) CT image quality 

insufficient for three-dimensional reconstruction. A total of 233 patients were 

ultimately included. Age, sex, and mechanism of injury were extracted from the 

electronic medical record. 



Three-Dimensional Reconstruction, Standardization, and Fracture-Line 

Mapping 

Raw DICOM data were imported into Mimics Medical 21.0 (Materialise, Leuven, 

Belgium) for segmentation, three-dimensional reconstruction, and virtual anatomic 

reduction. STL files were then exported to 3-matic (Materialise, Leuven, Belgium), 

where fracture lines were traced. A CT scan of the right wrist of an adult woman without 

wrist pathology was selected to create the standard template. To standardize orientation, 

the articular-surface view was defined with the dorsal side superiorly, the volar side 

inferiorly, the radial side to the left, and the ulnar side to the right; left-wrist data were 

mirrored to the right. Two experienced musculoskeletal imaging physicians 

independently identified the fracture lines, and confirmed fracture lines were projected 

onto the standard template to generate fracture-line distribution maps and heat maps 

(Fig. 1). 

RUAL Morphologic Variables and Classification 

For each case, involvement of the scaphoid fossa, central lunate fossa, volar rim, 

dorsal rim, and sigmoid notch was recorded, as was the presence of a sagittal split along 

the scapholunate ridge (Fig. 2). Ulnar styloid fractures were categorized as tip or base 

fractures. This anatomy-oriented system was termed the RUAL (Radioulnar Articular 

Coupling) classification. RUAL type I was defined as a column-stable pattern in which 

the key volar and dorsal rims of the sigmoid notch remained continuous, including type 

I-Ext (extra-articular) and type I-Int (simple intra-articular fracture). Type II was 

defined as a sigmoid-notch rim disruption pattern and included type II-A (volar rim), 

type II-B (dorsal rim), and type II-C (combined volar and dorsal rim disruption or 

complete sigmoid-notch comminution). Type III was defined as a central sagittal split 

along the scapholunate ridge. 

Outcome Measures and Exploratory Risk Grouping 

The primary morphologic outcome was the distribution of ulnar styloid tip and 

base fractures across RUAL types. A base fracture was regarded as an imaging marker 

of increased risk for involvement of the deep TFCC insertion, rather than as a surrogate 

diagnosis of complete TFCC rupture or DRUJ instability. To explore the clustering 

effect of disruption to key stabilizing structures of the sigmoid notch, an exploratory 

pooled analysis was performed: types II-A, II-C, and III were defined as the 

morphologic high-risk group, whereas type I and type II-B were defined as the 



low/intermediate-risk group. This pooled analysis was intended for hypothesis 

generation and was not treated as an externally validated clinical risk score. 

Reliability Assessment 

Eighty patients with complete preoperative CT and three-dimensional 

reconstruction data were randomly selected from the 233-patient cohort for assessment 

of RUAL classification reliability. Before formal image interpretation, two experienced 

attending orthopedic trauma physicians underwent standardized training to familiarize 

them with the RUAL criteria and the imaging features defining each subtype. After 

training, the two observers independently classified the 80 imaging studies while 

blinded to each other’s assessments. Four weeks after the first reading, the studies were 

randomly reordered, and both observers repeated the classifications independently 

without access to their initial results. 

Statistical Analysis 

Statistical analyses were performed using SPSS version 26.0 (IBM Corp., 

Armonk, NY, USA), and all aggregate frequencies were independently cross-checked. 

Normally distributed continuous variables are presented as mean ± standard deviation 

and were compared among three groups using one-way analysis of variance. 

Categorical variables are presented as counts and percentages and were analyzed using 

the Pearson chi-square test when all expected cell counts were ≥5; otherwise, a two-

sided Fisher–Freeman–Halton exact test was used. For the exploratory 2×2 contingency 

table, both the Pearson chi-square test and Fisher’s exact test were reported, together 

with the OR for ulnar styloid base fracture and its 95% CI. All tests were two-sided, 

with α=0.05. Because the pooled risk analysis was exploratory, P values were 

interpreted at the nominal level without adjustment for multiple comparisons. 

The six RUAL subtypes (I-Ext, I-Int, II-A, II-B, II-C, and III) were treated as 

nominal categorical variables. Interobserver and intraobserver diagnostic reliability 

were evaluated using unweighted Cohen’s κ, with raw agreement rates and 95% CIs 

also reported. Interobserver κ was calculated separately for each of the two reading 

rounds, and intraobserver κ was calculated by comparing each observer’s first and 

second readings. The 95% CIs for κ were calculated using large-sample asymptotic 

standard errors. 

Because the available dataset contained only aggregate frequencies and did not 

include patient-level covariates such as fragment displacement, sigmoid-notch step-off, 



or ulnar variance, multivariable logistic regression was not performed. The association 

between exploratory risk grouping and ulnar styloid base fracture is therefore reported 

only as an unadjusted OR with a 95% CI. This analysis was intended to generate a 

morphologic hypothesis rather than to establish an independent prediction after 

adjustment for confounding variables. 

Ethics Approval 

This study was approved by the Ethics Committee of Beijing Jishuitan Hospital 

(approval No. K2026241-01). Written informed consent to participate was obtained 

from all participants included in the study. The study was conducted in accordance with 

the Declaration of Helsinki and applicable institutional and national regulations. 

Results 

Baseline Characteristics 

Among the 233 patients, 91 (39.1%) were men and 142 (60.9%) were women, 

with a mean age of 59.2±11.8 years. Low-energy injuries occurred in 205 patients 

(88.0%) and high-energy injuries in 28 (12.0%). There were no statistically significant 

differences among RUAL types I, II, and III in sex, age, or mechanism of injury (all 

P>0.05; Table 1). The minimum expected cell count in the contingency table for 

mechanism of injury was 2.16; therefore, the Fisher–Freeman–Halton exact test was 

used. 

Distribution and Morphologic Characteristics of RUAL Types 

RUAL type I was identified in 100 patients (42.9%), including 34 with type I-Ext 

and 66 with type I-Int. Type II was identified in 115 patients (49.4%), including 16 with 

type II-A, 87 with type II-B, and 12 with type II-C; the total number of type II cases 

was reconfirmed as 115. Type III was identified in 18 patients (7.7%). The distribution 

of ulnar styloid tip and base fractures across subtypes is shown in Table 2 and Fig. 3. 

The overall comparison among the six subtypes was not statistically significant 

(χ²=5.071, P=0.407). 

The defining feature of type I was continuity of the volar and dorsal rims of the 

sigmoid notch. The rates of ulnar styloid base fracture were 41.2% for type I-Ext and 

40.9% for type I-Int (Figs. 4 and 5). Type II was characterized by sigmoid-notch rim 

involvement: type II-A showed separation of the volar rim and had a base-fracture rate 

of 62.5%; type II-B predominantly involved the dorsal rim and had a rate of 37.9%; and 



type II-C involved both volar and dorsal rims and had a rate of 58.3% (Figs. 6–8). Type 

III showed a central sagittal split along the scapholunate ridge, with a base-fracture rate 

of 50.0% (Fig. 9). These percentages describe the distribution within the present 

sample. Given the small number of cases in several individual subtypes, they should 

not be interpreted as evidence of independent predictive performance. 

Association Between RUAL Type and Ulnar Styloid Fracture Location 

The rates of ulnar styloid base fracture were 41.0%, 43.5%, and 50.0% for types 

I, II, and III, respectively, with no statistically significant difference among the three 

groups (χ²=0.533, P=0.766; Table 3). Thus, the overall comparison of the three major 

RUAL types did not support an association between major RUAL type and ulnar styloid 

fracture location. 

In the exploratory pooled analysis, the base-fracture rate was 56.5% (26/46) in the 

high-risk group and 39.6% (74/187) in the low/intermediate-risk group, a statistically 

significant difference (χ²=4.329, P=0.037; two-sided Fisher’s exact test, P=0.046). 

Using the low/intermediate-risk group as the reference, the high-risk group had an OR 

of 1.99 for base fracture (95% CI, 1.03–3.81), a risk ratio of 1.43 (95% CI, 1.05–1.95), 

and an absolute risk difference of 16.9 percentage points (95% CI, 1.0–32.9 percentage 

points) (Table 4, Fig. 10). The confidence intervals for these effect estimates were 

relatively wide and the P values were close to 0.05, indicating limited precision. 

Reliability Assessment and Unadjusted Analysis 

All 80 randomly selected imaging studies underwent two independent reading 

rounds with no missing data. In the first round, the two observers agreed completely in 

59 cases, corresponding to a raw agreement of 73.8% and κ=0.631 (95% CI, 0.496–

0.765; Z=10.666; P<0.001). In the second round, complete agreement was achieved in 

56 cases, with a raw agreement of 70.0% and κ=0.570 (95% CI, 0.424–0.717; Z=9.401; 

P<0.001). Observer 1 produced identical classifications in 75 cases across the two 

rounds, yielding a raw intraobserver agreement of 93.8% and κ=0.909 (95% CI, 0.831–

0.986; Z=14.498; P<0.001). Observer 2 produced identical classifications in 70 cases, 

yielding a raw intraobserver agreement of 87.5% and κ=0.826 (95% CI, 0.726–0.927; 

Z=14.018; P<0.001) (Table 5). 

Because patient-level covariates suitable for adjustment were unavailable, 

multivariable logistic regression was not performed. The association between the high-

risk group and ulnar styloid base fracture shown in Table 4 is therefore unadjusted: 



OR=1.99 (95% CI, 1.03–3.81), Pearson χ² P=0.037, and two-sided Fisher’s exact 

P=0.046. This finding should be interpreted only as an exploratory signal of 

morphologic enrichment. 

Discussion 

Principal Findings 

Using preoperative three-dimensional CT data from 233 patients with distal radius 

fractures accompanied by ulnar styloid fractures, we developed the RUAL morphologic 

classification based primarily on continuity of the volar and dorsal rims of the sigmoid 

notch and the presence of a central sagittal split along the scapholunate ridge. Overall 

comparisons across the six subtypes and the three major types did not demonstrate a 

significant difference in the distribution of ulnar styloid tip versus base fractures, 

indicating that the RUAL classification cannot currently be regarded as a deterministic 

classifier of ulnar styloid fracture location. In the exploratory pooled analysis, however, 

the base-fracture rate was higher in the high-risk group comprising types II-A, II-C, and 

III than in the low/intermediate-risk group (56.5% vs 39.6%), with an unadjusted OR 

of 1.99 (95% CI, 1.03–3.81). Because this analysis was not adjusted for multiple 

comparisons, was not externally validated, and did not account for potential 

confounders, the finding should be interpreted as a signal of morphologic enrichment 

in specific distal-radius patterns rather than as a validated predictive model, a surrogate 

diagnosis of deep TFCC rupture, or an indication for ulnar styloid fixation. 

Morphologic Value of the RUAL Classification 

The RUAL classification may complement conventional systems by providing a 

more detailed description of the osseous components of the DRUJ. Classifications such 

as AO/OTA, Frykman, and Fernandez primarily summarize extra-articular versus intra-

articular involvement, direction of displacement, degree of comminution, or presumed 

injury mechanism and therefore do not fully capture the three-dimensional distinctions 

among disruption of the volar sigmoid-notch rim, dorsal rim, both rims, and a central 

sagittal split. Previous studies have shown that three-dimensional fracture-line mapping 

can identify high-frequency fracture trajectories, anatomic weak zones, and 

morphologic heterogeneity within a single conventional fracture category that may be 

difficult to appreciate on standard two-dimensional imaging [16–18]. On this basis, the 

RUAL classification places radial-sided sigmoid-notch injury and ulnar-sided 

osteoligamentous injury within the same DRUJ anatomic framework. At present, 



however, its principal value lies in standardized morphologic description and 

hypothesis generation; its clinical utility requires further assessment of reliability, 

external validation, and associations with clinical outcomes. 

Anatomic Basis of High-Risk Morphologies 

DRUJ stability is maintained by the osseous congruity of the sigmoid notch and 

ulnar head together with the TFCC, joint capsule, and distal interosseous membrane 

structures. The deep fibers of the distal radioulnar ligaments insert into the ulnar fovea 

and are important restraints to dorsal and volar translation of the ulnar head. 

Arthroscopic studies have shown that ulnar styloid base fractures are more frequently 

associated with TFCC type 1B injury [19], while cadaveric work has demonstrated that 

base osteotomy involving the ulnar fovea increases forearm pronation and supination 

[20]. Residual distal radioulnar ligament fibers may nevertheless preserve some 

stability, and a base fracture does not necessarily imply complete instability [21]. In the 

present study, type II-A may reflect disruption of the volar osseous restraint, type II-C 

may indicate more extensive destruction of the sigmoid-notch containment surface, and 

type III may divide the distal radial articular surface into relatively independent radial 

and ulnar units. These interpretations remain mechanistic hypotheses. In the absence of 

arthroscopy, standardized MRI, and intraoperative stability data, the present study 

cannot establish a causal relationship between RUAL morphology and deep TFCC 

rupture or DRUJ instability. 

Negative Overall Findings and the Exploratory Signal 

The absence of a significant overall difference across the six subtypes and three 

major types is not inconsistent with the statistical signal observed after pooling selected 

morphologies. The overall tests evaluated distributional differences across all 

categories, whereas the exploratory pooled analysis tested a prespecified contrast based 

on disruption of key stabilizing structures of the sigmoid notch. Heterogeneity within 

type II may have diluted the overall effect: base-fracture rates were 62.5%, 37.9%, and 

58.3% for types II-A, II-B, and II-C, respectively, and type II-B—the largest 

subgroup—did not show the same directional pattern as types II-A and II-C. Previous 

studies suggest that DRUJ instability is more closely related to complete TFCC foveal 

tears and increased fracture-fragment gap than to the ulnar styloid fracture location 

alone [22]. Accordingly, the type II-B finding should not be interpreted as evidence that 

dorsal-rim involvement is protective. Future studies should consider the direction of 



involvement together with fragment size, displacement and rotation, sigmoid-notch 

step-off, and soft-tissue status. Osseous morphology, joint stability, and clinical 

function should also be evaluated as distinct but related outcome levels [23]. 

Clinical Implications and Limits of Application 

The most appropriate current clinical use of a high-risk RUAL morphology is to 

heighten awareness of possible combined DRUJ injury and to prompt targeted 

assessment, rather than to directly determine whether the ulnar styloid should be fixed. 

When preoperative CT demonstrates type II-A, II-C, or III morphology, the ulnar 

styloid fragment should be further assessed for involvement of the ulnar fovea, as well 

as for fragment size, rotation, and displacement; sigmoid-notch step-off, gap, 

comminution, radial shortening, and ulnar variance should also be evaluated. After 

reduction and fixation of the distal radius, DRUJ congruity and stability should still be 

examined in neutral rotation, pronation, and supination. In the presence of persistent 

ulnar-sided pain, obvious clicking, or an abnormal ballottement test, MRI, 

ultrasonography, dynamic CT, or arthroscopy may be considered for further evaluation 

of the TFCC. Existing clinical studies have not shown that the presence or fixation of 

an ulnar styloid fracture consistently improves long-term function or DRUJ stability 

[24–27], and sigmoid-notch involvement may increase radiographic osteoarthritis 

without corresponding differences in pain or function [28]. Thus, a high-risk 

morphology cannot substitute for assessment of residual instability, and a 

low/intermediate-risk morphology cannot exclude TFCC injury. This interpretation is 

consistent with current guideline principles that treatment should be individualized 

according to fracture morphology, functional demands, and clinical stability [29,30]. 

Strengths and Limitations 

This study used a standardized workflow for three-dimensional reconstruction, 

virtual reduction, and template projection to characterize sigmoid-notch rim and central 

split morphologies in a relatively large consecutive case series. We reported the 

negative overall findings together with exploratory effect estimates and 95% CIs. In the 

reliability analysis of 80 randomly selected cases, interobserver κ values were 0.631 

and 0.570 across the two rounds, while intraobserver κ values were 0.909 and 0.826 for 

the two observers, indicating moderate interobserver agreement and high intraobserver 

stability. The principal limitations are the single-center retrospective design and 

inclusion only of patients with a concomitant ulnar styloid fracture; the relatively small 



high-risk group; the absence of adjustment for multiple comparisons or confounding 

variables and the lack of external validation; the use of ulnar styloid base fracture only 

as an indirect marker of deep TFCC insertional involvement, without arthroscopic, 

MRI, or intraoperative DRUJ stability reference standards; operator dependence in 

virtual reduction, template registration, and fracture-line tracing; and the lack of follow-

up outcomes for pain, function, grip strength, stability, or reoperation. Future 

multicenter prospective studies should prespecify the classification rules and high-risk 

grouping, include the full spectrum of distal radius fractures, and assess incremental 

value using independent reliability testing, multivariable models, soft-tissue or stability 

reference standards, and external validation. 

Conclusion 

Among 233 patients with distal radius fractures accompanied by ulnar styloid 

fractures, overall comparisons across the six RUAL subtypes and three major types did 

not show a significant difference in the distribution of ulnar styloid tip versus base 

fractures. Exploratory pooled analysis suggested relative enrichment of ulnar styloid 

base fractures in fractures with volar or combined volar–dorsal sigmoid-notch rim 

disruption or a central sagittal split (OR=1.99; 95% CI, 1.03–3.81). This signal supports 

more careful assessment of the TFCC and DRUJ stability when these morphologies are 

present, but it is not sufficient to replace direct soft-tissue assessment or to serve as an 

independent indication for routine ulnar styloid fixation. 
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Figure 1. Fracture-line distribution map of 233 distal radius fractures accompanied by 

ulnar styloid fractures. (A) Volar view; (B) dorsal view; (C) articular-surface view. 

 

Figure 2. Schematic illustration of the recorded anatomic landmarks on the distal 

radial articular surface. 

 



Figure 3. Distribution of ulnar styloid tip and base fractures across the three major 

RUAL types. 

 

Figure 4. Fracture-line distribution map of 34 RUAL type I-Ext fractures. (A) Volar 

view; (B) dorsal view; (C) articular-surface view. 

 

Figure 5. Fracture-line distribution map of 66 RUAL type I-Int fractures. (A) Volar 

view; (B) dorsal view; (C) articular-surface view. 



 

Figure 6. Fracture-line distribution map of 16 RUAL type II-A fractures. (A) Volar 

view; (B) dorsal view; (C) articular-surface view. 

 

Figure 7. Fracture-line distribution map of 87 RUAL type II-B fractures. (A) Volar 

view; (B) dorsal view; (C) articular-surface view. 

 



Figure 8. Fracture-line distribution map of 12 RUAL type II-C fractures. (A) Volar 

view; (B) dorsal view; (C) articular-surface view. 

 

Figure 9. Fracture-line distribution map of 18 RUAL type III fractures. (A) Volar 

view; (B) dorsal view; (C) articular-surface view. 

 

Figure 10. Distribution of ulnar styloid fracture location in the morphologic high-risk 

and low/intermediate-risk groups. (A) High-risk group (types II-A, II-C, and III); (B) 

low/intermediate-risk group (types I and II-B). 

 

 

Table 1 Comparison of Baseline Characteristics Across RUAL Types 



Variable Type I (n=100) Type II (n=115) Type III (n=18) Statistic P 

Sex, n (%)    χ²=1.084 0.582 

Male 37 (37.0) 45 (39.1) 9 (50.0)   

Female 63 (63.0) 70 (60.9) 9 (50.0)   

Age, years, 

mean ± SD 
58.9 ± 11.5 59.5 ± 12.1 59.3 ± 11.9 F=0.069 0.933 

Mechanism of 

injury, n (%) 
   Exact test 0.610 

Low-energy 

injury 
89 (89.0) 99 (86.1) 17 (94.4)   

High-energy 

injury 
11 (11.0) 16 (13.9) 1 (5.6)   

Sex was analyzed using the Pearson chi-square test; age using one-way analysis of variance; and 
mechanism of injury using the two-sided Fisher–Freeman–Halton exact test. 
 

 

 

 

Table 2 Distribution of Ulnar Styloid Fracture Location Across RUAL Subtypes 

RUAL subtype n Tip fracture, n (%) Base fracture, n (%) χ² P 

I-Ext 34 20 (58.8) 14 (41.2)   

I-Int 66 39 (59.1) 27 (40.9)   

II-A 16 6 (37.5) 10 (62.5)   

II-B 87 54 (62.1) 33 (37.9)   

II-C 12 5 (41.7) 7 (58.3)   

Type III 18 9 (50.0) 9 (50.0)   

Total 233 133 (57.1) 100 (42.9) 5.071 0.407 

Percentages are within-subtype proportions. The overall comparison was performed using the 

Pearson chi-square test (df=5). 

 

Table 3 Comparison of Ulnar Styloid Fracture Location Across the Three Major RUAL 

Types 



RUAL type n Tip fracture, n (%) Base fracture, n (%) χ² P 

Type I (I-Ext + I-Int) 100 59 (59.0) 41 (41.0)   

Type II (II-A + II-B + 

II-C) 
115 65 (56.5) 50 (43.5)   

Type III 18 9 (50.0) 9 (50.0)   

Total 233 133 (57.1) 100 (42.9) 0.533 0.766 

Percentages are within-type proportions. The Pearson chi-square test was used (df=2). 
 

Table 4 Association Between Exploratory Risk Grouping and Ulnar Styloid Fracture 

Location 

Risk group n 
Tip fracture, 

n (%) 

Base fracture, 

n (%) 
OR (95% CI) χ² P 

High-risk group (II-

A, II-C, III) 
46 20 (43.5) 26 (56.5) 1.99 (1.03–3.81) 

4.329 0.037 
Low/intermediate-

risk group (I, II-B) 
187 113 (60.4) 74 (39.6) 1.00 (reference) 

OR, denotes the odds ratio for an ulnar styloid base fracture. Pearson chi-square P=0.037; two-

sided Fisher’s exact P=0.046. This pooled risk analysis was exploratory and was not adjusted for 
multiple comparisons. 

 

 

Table 5. Interobserver and Intraobserver Reliability of the RUAL Classification 

Reliability assessment n 
Exact agreement, 

n (%) 
κ (95% CI) Z P 

Interobserver (round 1) 80 59 (73.8) 0.631 (0.496–0.765) 10.666 <0.001 

Interobserver (round 2) 80 56 (70.0) 0.570 (0.424–0.717) 9.401 <0.001 

Intraobserver (observer 1) 80 75 (93.8) 0.909 (0.831–0.986) 14.498 <0.001 

Intraobserver (observer 2) 80 70 (87.5) 0.826 (0.726–0.927) 14.018 <0.001 

κ denotes unweighted Cohen’s kappa. The 95% CIs were calculated using large-sample 

asymptotic standard errors. 

 


