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ABSTRACT
Background:  Distal radial fractures are common forearm injuries. A key rehabilitation objective is 
achieving adequate wrist palmar and dorsal flexion range-of-motion (ROM). However, few studies 
have explored this relationship, with even lesser number of studies investigating the impact of 
distal radius alignment on wrist ROM limitation due to fractures. We aimed to determine the 
effect of radial alignment on wrist palmar and dorsal flexion ROM after conservative treatment 
for distal radial fractures.
Patients and methods:  This retrospective, cohort study, included 82 patients with distal radial 
fractures (11 men, 71 women, mean age: 65.9 ± 16.6 years) who underwent examination at an 
orthopedic clinic. Wrist ROM limitation was defined as ˂60° of dorsal flexion and ˂55° of palmar 
flexion. The palmar tilt (PT), radial length (RL), and radial inclination (RI) were radiographically 
measured. The patient’s age, residual symptoms, and rehabilitation period were extracted from 
medical records. Univariate and multivariate analyses were conducted with the presence/absence 
of wrist ROM limitation as the objective variable, with the PT, RL, and RI as explanatory variables. 
A comparison of age, and rehabilitation period between the groups with and without wrist ROM 
limitation was performed using the Mann–Whitney U test. The presence/absence of residual 
symptoms were compared between two groups using the chi-squared test.
Results:  Univariate analysis revealed that PT, RL and RI were associated with palmar flexion ROM 
limitation. Multivariate analysis showed that PT was the only factor associated with palmar flexion 
ROM limitation (odds ratio: 0.85, 95% confidence interval: 0.78–0.91, p < 0.001), while dorsal 
flexion ROM limitation was not associated with any of the three measurements. The group with 
palmar flexion ROM limitation presented older age (73.1 vs. 59.6 years), higher residual symptom 
frequency (23 vs. 12 patients), and longer rehabilitation period (159.2 vs. 73.9 days) compared to 
the group without the limitation (p < 0.01).
Conclusion:  Dorsal displacement of the distal radius induces alterations in the wrist joint motion 
axis, potentially affecting limitation in palmar flexion ROM. Patients with palmar flexion ROM 
limitation had more residual symptoms and longer rehabilitation period than those without. 
These findings may contribute to the development of evidence-based joint ROM exercises, risk 
management, goal setting, and rehabilitation programs for patients with distal radial fractures.

KEY MESSAGES
•	 Dorsal displacement of the distal radius may limit palmar flexion ROM.
•	 Palmar tilt is an important aspect of joint mobilization exercises, goal setting, and treatment 

planning in distal radial fractures.

Introduction

Distal radial fractures, including radial and ulnar diaph-
yseal fractures, are common forearm injuries; they 
mostly occur in low-energy traumas in older adults 

and women [1–9]. Dorsal displacement of distal radius 

fractures, known as Colles’ fractures, results from the 

position of the injured limb and anatomic factors. In 

traction repair, these anatomical factors include a thick 
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long axis along the palmar aspect and a thin Z-shaped 
radial interosseous ligament along the dorsal aspect, 
resulting in a palmar dominance of traction transmis-
sion and difficulty in repositioning the bone fragments 
into palmar flexion position [10]. Therefore, many stud-
ies have focused on bone malunion and subjective 
and functional outcomes after distal radius fractures 
[11–23]. External fixation with plaster casts or splinting 
is the preferred conservative treatment for these distal 
radial fractures; this treatment has shown good out-
comes even in the presence of radial malunion [12–14].

Meanwhile, several studies have reported an associa-
tion between radial malunion and functional outcomes 
[15–23]. Palmar tilt (PT), radial length (RL), and radial 
inclination (RI) are key measures for assessing distal 
radius alignment, closely associated with symptomatic 
outcomes [16]. A PT of ≥ −10° has been associated with 
a poor prognosis for alignment changes, arm-related 
disability lasting 2 years [17,18], and increased difficulty 
in daily life activities and work-related tasks [19]. In 
addition, loss of PT and radial shortening are associated 
with joint space narrowing and intra-articular injury [20] 
and long-term wrist pain, as measured using the pain 
subscale of the patient-rated wrist evaluation (PRWE), 
including patient-rated levels of pain at rest, during var-
ious activities, and pain intensity and frequency [21]. 
Moreover, previous studies have reported a correlation 
between the loss of PT and decreased wrist range of 
motion (ROM) and functional outcomes [22,23].

An important rehabilitation objective is achieving 
adequate wrist palmar and dorsal flexion ROM, typi-
cally reported at ~60° of dorsal flexion for standing 
from a chair with armrests and 55° of palmar flexion 
for personal care of daily life activities [24]. Understanding 
the relationship between radiographic parameters and 
wrist ROM is crucial for predicting prognosis and 
determining the efficacy of conservative treatment 
and rehabilitation [25]. However, few studies have 
explored this relationship, with even lesser number of 
studies investigating the impact of distal radius align-
ment on wrist ROM limitation due to fractures. We 
hypothesized that the loss of PT in distal radial frac-
tures could lead to limitations in wrist palmar ROM by 
altering the axis of wrist joint motion in the sagittal 
plane toward dorsiflexion.

Therefore, in this study, we aimed to determine the 
effect of distal radius alignment on wrist palmar and 
dorsal flexion ROM in distal radial fractures. By identify-
ing the relationship between wrist join ROM limitation 
and distal radius alignment during daily life activities, 
this research sought to facilitate evidence-based reha-
bilitation goal setting and program planning for 
patients with distal radius fractures.

Patients and methods

The research team for this retrospective cohort study was 
formed in 2023. We collected data from patients who vis-
ited a single orthopedic clinic between 2009 and 2024. 
Participants were diagnosed with distal radial fracture by 
one orthopedic surgeon using radiography, pain testing, 
and physical examination. The study population com-
prised 106 patients (16 [15%] men and 90 [85%] women) 
who underwent rehabilitation. Patients were excluded if 
(1) measurements of the Anterior-Posterior view and lat-
eral view were difficult to obtain due to pain; (2) they 
discontinued rehabilitation; (3) they presented with com-
plex regional pain syndrome: (4) they had a history of 
surgery; and (5) they intended to undergo rehabilitation 
for other conditions, such as knee osteoarthritis and peri-
arthritis of the shoulder joints, and not for distal radius 
fractures, because of the effects on the frequency and 
period of rehabilitation.

The patient’s age, sex, presence/absence of wrist 
ROM limitation and residual symptoms, initial treat-
ment, fixation period (from injury to initiation of reha-
bilitation), rehabilitation frequency and period, and 
overall treatment period and ROM measurement date 
(from injury to completion of rehabilitation) were 
extracted from medical records.

Wrist range-of-motion limitation

Wrist ROM was measured on the completion of reha-
bilitation implementation. According to previous stud-
ies on activities of daily living and functional wrist 
ROM [24], wrist ROM limitation was defined as ˂60° of 
dorsal flexion and ˂55° of palmar flexion, as measured 
by the physician and physical therapist. Patients were 
categorized into two groups: the wrist ROM limitation 
group and the non-ROM limitation group.

Radiographic findings

PT, RL, and RI were measured using the RADspeed Pro 
radiography system (Shimadzu Corp, Kyoto, Japan). These 
outcomes were obtained from the findings of radio-
graphs, in which the physician diagnosed bone union.

PT [26,27] was defined as the angle between the 
perpendicular drawn to the long axis of the radius and 
the line connecting the dorsal and palmar rims of the 
radius, with a reference value of 10°. RL [27] was defined 
as the distance between two lines drawn perpendicular 
to the long axis of the radius, and the apex of the radial 
styloid and the ulnar aspect of the articular surface, 
with a reference value of 11 mm. RI [27] was defined as 
the angle between the perpendicular line to the long 
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axis of the radius and the line connecting the radial sty-
loid and ulnar border of the distal radius, with a refer-
ence value of 22° (Figure 1). The first and second 
intraclass correlation coefficients for the same examiner 
for PT, RL, and RI were 0.965 (95% confidence interval 
[CI]: 0.903–0.988), 0.822 (95% CI: 0.485–0.940), and 0.926 
(95% CI: 0.786–0.975), respectively.

Statistical analysis

The objective variable was the presence or absence of 
wrist palmar and dorsal flexion ROM limitation, while the 
PT, RL, and RI were chosen as explanatory variables for 
both univariate and multivariate analyses. Receiver oper-
ating characteristic (ROC) curves of the radiographic 
parameters were plotted to determine the presence or 
absence of wrist ROM limitation, and the sensitivity and 
specificity of the area under the curve (AUC) and cutoff 
values were analyzed.

The sex distribution and presence or absence of 
residual symptoms were compared between groups 
with and without wrist ROM limitation using the 
chi-squared test. Pearson’s chi-squared test was used if 
<20% of the cells had expected frequencies of <5, and 
Fisher’s exact probability test was conducted if this value 
was >20%. A comparison of age, fixation period, rehabil-
itation frequency and period, and treatment period 
between the two groups was performed using the 
Mann–Whitney U test. Statistical analysis was performed 

using R4.4.1 (R Software for Statistical Computing, 
Vienna, Austria), with the significance level set at <5%.

Ethical considerations

This study was approved by the Ethics Committee of 
Hitachino Orthopedic Clinic (protocol number: 202301). 
As this was a retrospective study and no adverse 
events were observed in the patients, the need for 
informed consent was waived.

Results

Among 106 patients with distal radial fractures treated 
at our institution, 82 patients (11 [13%] men, 71 [87%] 
women; mean age, 65.9 ± 16.6 years; fracture side, 37 
[45%] right hand and 45 [55%] left hand) were included 
in the study (Figure 2). Among the included patients, 38 
presented palmar flexion ROM limitation, 10 had dorsal 
flexion ROM limitation, and 35 had residual symptoms. 
The mean period of bone union and radiographic assess-
ment was 64.7 ± 18.3 days, and the mean PT, RL, and  
RI were −1.9 ± 12.1°, 6.4 ± 2.8 mm, and 11.0 ± 4.7°, respec-
tively. Initial treatments included splinting in 57 patients 
(70%), plaster cast in 11 patients (13%), bracing and 
splinting in six patients (7%), splinting and triangular 
bandage in two patients (2%), palmar splinting in two 
patients (2%), above elbow splinting in two patients 

Figure 1.  Method of measurement of distal radius alignment (representative case). Palmar tilt (PT): (1) Draw a line perpendicular 
to the long axis of the radius (A); (2) draw a line connecting the dorsal and palmar rims of the radius (B); and (3) measure the 
angle between lines A and B. Radial length (RL): (1) Draw a line on the distal ulnar articular surface (C); (2) draw a line on the 
radial styloid process (D); and (3) measure the distance between lines C and D. Radial inclination (RI): (1) Draw a perpendicular 
line to the long axis of the radius (E); (2) draw a line connecting the radial styloid process and ulnar border of the distal radius 
(F); and (3) measure the angle between lines E and F.
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(2%), local anesthesia and bilateral splinting in one 
patient (1%), and wrist support in one patient (1%). The 
rehabilitation sessions frequency averaged 16.4 ± 17.6 
times, with fixation period of 33.7 ± 10.5 days, rehabilita-
tion period of 113.0 ± 108.2 days, and treatment period 
and ROM measurement date of 146.7 ± 106.3 days. Finally, 
residual symptoms, such as limitations in squeezing, 
daily life activities, and weightlifting, were observed in 
43% of included patients (Table 1).

Univariate analysis revealed that PT (odds ratio [OR]: 
0.858, 95% CI: 0.796–0.911), RL (OR: 0.788, 95% CI: 
0.650–0.933), and RI (OR: 0.882, 95% CI: 0.792–0.972) 
were associated with palmar flexion ROM limitation. 
Furthermore, multivariate analysis showed that PT was 
the only factor associated with palmar flexion ROM lim-
itation (OR: 0.850, 95% CI: 0.779–0.912, Table 2). In con-
trast, dorsal flexion ROM limitation was not associated 
with any of the three measurements. The ROC curve for 
PT in predicting the presence of palmar flexion ROM 
limitation yielded an AUC of 0.851, with a cutoff value 
of −4°, 90.9% sensitivity, and 68.4% specificity (Figure 3).

The comparison of age, sex, residual symptoms, fix-
ation period, rehabilitation frequency and period, and 
treatment period between the groups with and with-
out palmar flexion ROM limitation (Table 3) revealed 
older age (73.1 ± 10.0 vs. 59.6 ± 18.7 years, p < 0.001), 
higher residual symptom frequency (23 vs. 12 patients, 
p = 0.002), and higher rehabilitation frequency (23.2 ±  
23.1 vs. 10.5 ± 7.4 times, p < 0.001) in the wrist ROM 
limitation group. Additionally, significantly longer  
rehabilitation and treatment periods were observed  
in the wrist ROM limitation group (159.2 ± 140.2 and 
196.5 ± 143.6 days, respectively, vs. 73.9 ± 45.1 and 
111.7 ± 45.1 days, respectively, p < 0.001). No significant 
differences were found in sex distribution and fixation 
period between the groups.

Figure 2.  Patient inclusion criteria.

Table 1. D istribution of residual symptoms.

Details Frequency
Proportion among the 

residual symptom group (%)
Overall 

percentage (%)

Squeezing 10 29 12
Daily living 8 23 10
Lifting weights 6 17 7
Motion pain 4 11 5
Weight pain 2 6 2
Numbness 1 3 1
Wrist pain 1 3 1
Housework 1 3 1
Job 1 3 1
Gardening 1 3 1
Total 35 43

Table 2.  Univariate and multivariate analyses with palmar and dorsal flexion ROM limitation as the objective variables.

CI: confidence interval; ROM: range of motion.
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Discussion

Previous studies have measured the outcomes of distal 
radial fractures using the PRWE and Disabilities of Arm, 
Shoulder, and Hand (DASH) scores [16,18,20,21,28]. The 
present study clarified the effect of distal radius align-
ment on wrist ROM, which may provide useful findings 
for rehabilitation implementation.

The results of univariate analysis showed that the 
PT, RL, and RI were significantly associated with palmar 
flexion ROM limitation, consistent with previous stud-
ies linking distal radius malunion and malalignment  
to prognosis [19,21–23,29,30]. Moreover, multivariate 

analysis identified PT as the only factor associated with 
palmar flexion ROM limitation, which may be attributed 
to the dorsal displacement of the distal radius, known 
as Colles’ fracture, altering the axis of motion of the 
wrist joint. According to the results of this study, dor-
sal flexion ROM limitation showed no association with 
PT, suggesting that the change in the wrist joint 
motion axis primarily affects palmar flexion ROM lim-
itation rather than dorsal flexion ROM limitation. 
Therefore, even with adequate intra-articular motion of 
the flexor carpal joint, such as sliding or rolling of the 
carpal bone in the radial articular plane, the change in 
the articular plane in the dorsal direction may result in 

Figure 3.  ROC curve of palmar tilt with and without palmar flexion range-of-motion limitation. ROC: receiver operating characteristic.

Table 3. C omparison of sex, residual symptoms, fixation period, rehabilitation period, and treatment period in the palmar flexion 
ROM limitation and non-ROM limitation groups.

Variables

Palmar flexion ROM limitation

p-Value Effect size, rPresent Absent

Age, years 73.1 (10.0) 59.6 (18.7) <0.001 0.37
Sex (men/women), number of patients 3/35 8/36 0.173
Residual symptoms (presence/absence), number of patients 23/15 12/32 0.002
Fixation period, days 37.4 (16.1) 37.8 (7.3) 0.343 0.10
Rehabilitation frequency, times 23.2 (23.1) 10.5 (7.4) <0.001 0.40
Rehabilitation period, days 159.2 (140.2) 73.9 (45.1) <0.001 0.44
Treatment period, days 196.5 (143.6) 111.7 (45.1) <0.001 0.41

Fixation period: number of days from the onset of injury to the commencement of rehabilitation; treatment period: number of days from the onset of 
injury to the end of rehabilitation; ROM: range-of-motion; Palmar flexion ROM limitation: <55°, as identified by a physician and physical therapist.
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palmar flexion ROM limitation. As the complication 
rate of dorsal capsular injuries in intra-articular distal 
radial fractures is ~70% [29], excessive palmar flexion 
joint ROM without considering dorsal displacement of 
the distal radius may result in extensional stress not 
only on the capsular wrist ligaments but also on the 
dorsal radial interphalangeal ligament and extensor 
tendon. Moreover, the present study determined the 
cutoff value of PT for the presence of palmar flexion 
ROM limitation using an ROC curve, suggesting that a 
loss of PT of ≥ −4° may result in palmar flexion ROM 
limitation. Despite its relatively low specificity of 68% 
[31], the high sensitivity of 91% underscores the 
importance of PT as an important parameter in guid-
ing rehabilitation strategies and joint ROM exercises.

The present study found no significant difference in 
the fixation period between the groups with and with-
out palmar flexion ROM limitation. This implies that 
rehabilitation was chosen regardless of the degree of 
displacement of distal radius fractures and bone union 
to prevent contracture due to edema and fibrosis 
caused by plaster casts and splints [32]. However, in 
this study, the rehabilitation and treatment periods 
were significantly longer in the group with palmar 
flexion ROM limitation than in the group without ROM 
limitation, and many patients experienced difficulty 
with the treatment. Furthermore, the higher preva-
lence of residual symptoms among older patients with 
palmar flexion ROM limitation, compared to those 
without, corresponds to findings from a previous study 
[30]; this study indicated that rehabilitating distal radial 
fractures in older patients is often challenging. These 
residual symptoms affected activities related to wrist 
palmar ROM, such as squeezing motion, potentially 
contributing to wrist palmar flexion ROM limitation. 
Additionally, no significant differences between surgi-
cal treatment with a volar locking plate and conserva-
tive treatment after >1 year of follow-up have been 
previously revealed [32,33]. These findings suggest the 
need for a comprehensive approach, incorporating 
rehabilitation of daily life activities, movement guid-
ance, and joint ROM exercises while considering radio-
graphic findings.

This study has various limitations. First, unlike previ-
ous studies that used the PRWE ,and DASH to evaluate 
the treatment outcomes  [16,18,20,21,28]  , our evalua-
tion relied solely on data extracted from medical 
records to ascertain the presence of residual symp-
toms. Therefore, compared to previous studies [28] 
that reported a good prognosis of 72%, the proportion 
of patients with non-residual symptoms was lower at 
57%, potentially encompassing patients with relatively 
mild disability in performing daily life activities and 

work-related tasks. Additionally, the outcome of wrist 
ROM limitation in this study was assessed in a mildly 
defined setting. Although we conducted a multivariate 
analysis using the presence or absence of wrist ROM 
limitation as the objective variable (obtained from the 
medical records), future studies should consider using 
multiple linear regression analysis using detailed joint 
ROM measurements, such as radial and ulnar devia-
tion, pronation, and supination, as outcomes to obtain 
more useful findings for rehabilitation. Finally, although 
this study used quantitative assessments, such as PT, 
RL, and RI to determine their relationship with wrist 
ROM, the relationship between wrist ROM and qualita-
tive assessments, such as AO/OTA classification and 
Fernandez classification system, should also be clari-
fied [34].

Conclusions

This study elucidated the relationship between radio-
graphic parameters and wrist ROM following conserva-
tive treatment for distal radial fractures. Univariate 
analysis revealed associations between the PT, RL, and 
RI and palmar flexion ROM limitation (set as the objec-
tive variable). Multivariate analysis further identified 
that the PT was the only factor associated with palmar 
flexion ROM limitation. Patients with palmar flexion 
ROM limitation had more residual symptoms and 
longer treatment periods than those without. These 
findings may contribute to the development of 
evidence-based joint ROM exercises, risk management, 
goal setting, and rehabilitation programs for patients 
with distal radial fractures.
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