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Introduction

Distal radius fracture (DRF) is one of the most common 
musculoskeletal injuries.1 Distal radius fractures in patients 
older than 60 years are typically treated conservatively with 
closed reduction and plaster cast immobilization.2 The 
reported complication rates of DRF are highly variable, and 
complex regional pain syndrome type I (CRPS I) presents 
the highest levels of incidence.3

Complex regional pain syndrome type I is a chronic con-
dition characterized by regional disabling pain (spontane-
ous or evoked); increased sensitivity to tactile stimuli, 
swelling, vasomotor, and sudomotor abnormality (sympa-
thetic dysfunction); and impairment of motor function 
(weakness, tremor, and muscle spasms).4 Nevertheless, the 
pathophysiological mechanisms underlying CRPS remain 
unclear.5 Currently, an association of multiple mechanisms 
is proposed, such as maladaptive proinflammatory response 
and a disturbance in sympathetically mediated vasomotor 

control, together with maladaptive peripheral and central 
neuronal plasticity.5

Several clinical guidelines for the treatment of CRPS I 
recommend an interdisciplinary multimodal approach, 
comprising pharmacological and interventional pain man-
agement strategies together with physiotherapy, psycholog-
ical therapy, and educational strategies.6,7 Physiotherapy 
programs are considered the first-line treatment for CRPS I, 
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Abstract
Background: No published prospective studies have reported the clinical effects of physiotherapy at 1-year follow-up in 
patients with complex regional pain syndrome type I (CRPS I) after distal radius fracture (DRF). The purpose of this study 
was to evaluate at 1-year follow-up the functional effects of physiotherapy program in elderly patients with CRPS I after 
extra-articular DRF. Methods: A total of 72 patients with CRPS I after DRF were prospectively recruited. All patients 
were treated with a 6-week supervised physiotherapy treatment. Three evaluations were performed: at the beginning, at 
the end of the treatment, and at 1-year follow-up. Wrist function, upper limb function, grip strength, and pain intensity 
were assessed with the Patient-Rated Wrist Evaluation (PRWE), Disabilities of the Arm, Shoulder, and Hand (DASH), 
Jamar dynamometer, and Visual Analogue Scale (VAS), respectively. Results: At 1-year follow-up, the PRWE showed a 
decrease of 21.6 points (Cohen’s d = 2.8; 95% confidence interval [CI] = 18.6-24.6; P < .05); the DASH showed a decrease 
of 23.8 points (Cohen’s d = 2.9; 95% CI = 20.8-26.7; P < .05); grip strength showed an increase of 40.6% (Cohen’s d = 
5.0; 95% CI = 43.5-37.6; P < .05); and the VAS showed a decrease of 2.6 cm (Cohen’s d = 1.9; 95% CI = 2.11-3.16; P < 
.05). Conclusion: At 1-year follow-up, a physiotherapy program showed clinically and statistically significant results in all 
functional outcomes in elderly patients with CRPS I after extra-articular DRF.
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but systematic reviews have shown controversial results 
regarding their effectiveness in this clinical condition.8,9

To our knowledge, no previous prospective studies have 
reported the clinical effects of physiotherapy at 1-year fol-
low-up in patients with CRPS I after DRF treated with 
closed reduction and cast immobilization. Thus, the main 
objective of this study was to evaluate at 1-year follow-up 
the functional effects of physiotherapy program in elderly 
patients with CRPS I after extra-articular DRF.

Materials and Methods

Study Design/Patients

This prospective observational study was approved by the 
ethics committee. Between February 2017 and February 
2019, 72 elderly patients with CRPS I after extra-articular 
DRF were prospectively recruited. All patients were treated 
with closed reduction and plaster cast immobilization for a 
range of 6 to 8 weeks. In addition, the 3-point index was 
used to evaluate the displacement of the DRF.10 After cast 
removal, all patients were prescribed acetaminophen (500 
mg, every 8 hours, for 7 days).

The inclusion criteria for participants were: (1) being 
older than 60 years old with CRPS I based on the Budapest 
criteria11; and (2) accepting and signing the informed con-
sent form. Conversely, patients with psychiatric treatment 
history before diagnosis with CRPS, with peripheral or cen-
tral nervous system lesions affecting the upper limb, or with 
cardiac, pulmonary, or neurological diseases were excluded.

Interventions

All patients received supervised physiotherapy treatment 
consisting of 15 minutes of active wrist and hand exercises 
in a whirlpool at a temperature of 34°C, followed by joint 
mobilization applied to the radiocarpal joint. During the 
first 2 weeks, patients received grade II or III of the Mait-
land technique at a dose of 1 cycle per second for 1 minute. 
In the remaining 4 weeks, the sustained grade I glide 
Kaltenborn technique was performed in both the anteropos-
terior and posteroanterior directions. Finally, 3 specific 
exercises based on motor skill training were performed. To 
avoid pain and muscle fatigue, patients performed short-
duration and low-intensity exercises (Supplemental Figure 
S1). The dose was 8 to 10 times for each exercise, maintain-
ing the task for 5 seconds with 10 to 30 seconds of rest. The 
program consisted of 12 sessions, 2 times per week, for 6 
weeks.12,13

Outcome Measures

Two blinded evaluators performed the functional out-
come assessments at baseline, at the end of the 6-week 

intervention, and at 1-year follow-up. Both physiothera-
pists assessed the same number of patients.

Primary Outcome Measure

The Patient-Rated Wrist Evaluation (PRWE) questionnaire 
was used to assess wrist/hand pain and function.14 The 
Spanish version of the PRWE showed good validity and 
reliability in patients with DRF.15 A study showed that a 
decrease of 15 points on the PRWE questionnaire can be 
considered a minimal clinically important difference.16

Secondary Outcome Measures

The Disabilities of the Arm, Shoulder, and Hand (DASH) 
questionnaire was used to assess the upper limb function.17 
The transcultural adaptation to the Spanish language 
showed excellent results in terms of validity, reliability, and 
sensitivity to change.18 A study showed that a decrease of 10 
points on the DASH questionnaire can be considered a min-
imal clinically important difference.19

A Jamar dynamometer was used to assess the grip 
strength, and the measurements were used as recommended 
by the American Society of Hand Therapists.20 The partici-
pants were evaluated while seated, with their arm placed to 
the side of the body; they had their shoulders in neutral 
position, the elbow flexed to 90°, and the forearm in neutral 
rotation. Then, patients were verbally instructed to make 
tight fists with all their strength and to hold that position for 
4 seconds with their hands and then rest for 30 seconds for 
each set. First, the unaffected side was evaluated, and then 
the affected side was evaluated. In both cases, the highest 
value obtained from 3 attempts was recorded. An adjust-
ment of 10% between the force of the dominant and non-
dominant sides was made.21 The final result was expressed 
as a percentage relative to the unaffected side. This valid 
and reliable instrument serves as a reference standard for 
evaluating the gripping function in patients with DRF.22

The Visual Analogue Scale (VAS) was used to assess the 
pain intensity. The VAS has been shown to be a reliable and 
valid instrument to assess changes in pain intensity.23 A 
study showed that a decrease of 1.4 cm on the VAS can be 
considered a minimal clinically important difference.24

Statistical Analysis

The parametric distribution of the continuous variables was 
checked using both the Kolmogorov-Smirnov test and the 
graphical procedures (normal probability plot). Descriptive 
statistics were used to describe the demographic and clini-
cal characteristics of the patients and other potentially con-
founding variables. Continuous variables were presented as 
mean and standard deviation (SD), and categorical vari-
ables were presented as number and percentage. Analyses 
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of variance were used to analyze the intragroup difference; 
for the difference between groups, Bonferroni post hoc cor-
rection was used. Finally, we calculated Cohen’s d for the 
effect of supervised physiotherapy treatment, considering 
the effect to be trivial (<0.2), small (0.2-0.5), medium (0.5-
0.8), or large (>0.8). The statistical significance was set at 
P ≤ .05, and the analyses were performed using the soft-
ware IBM SPSS 24 (SPSS Inc., Chicago, Illinois).

Results

The baseline information characteristics of the study group 
are shown in Table 1. Seventy patients (97.2%) were diag-
nosed with CRPS I between the third and fourth week after 

cast removal, and the patients started the supervised physio-
therapy program at an average of 4.3 weeks (SD, 1.2) after 
the onset of symptoms. At the end of the physiotherapy pro-
gram, there were no patient-informed complications associ-
ated with the treatment received, and at 1-year follow-up, 
there were no dropouts or withdrawals.

Table 2 shows the values of the outcomes assessed before 
and after the physiotherapy program and at 1-year follow-
up, as well as the effect of the treatment. At the end of the 
treatment at 6 weeks, all variables showed a clinically and 
statistically significant difference (P < .05). At 1-year fol-
low-up, the PRWE showed a decrease of 21.6 points 
(Cohen’s d = 2.8; 95% confidence interval [CI] = 18.6-
24.6; P < .05); the DASH showed a decrease of 23.8 points 
(Cohen’s d = 2.9; 95% CI = 20.8-26.7; P < .05); grip 
strength showed an increase of 40.6% (Cohen’s d = 5.0; 
95% CI = 43.5-37.6; P < .05); and the VAS showed a 
decrease of 2.6 cm (Cohen’s d = 1.9; 95% CI = 2.11-3.16; 
P < .05). In all outcomes assessed, the values of Cohen’s d 
showed a large effect size (d > 0.8). Finally, to compare the 
results of all outcome measures with the minimum clini-
cally important differences, the differences were clinically 
important and statistically significant (P < .05).

Discussion

This prospective study evaluated at 1-year follow-up the 
functional effects of a physiotherapy program in elderly 
patients with CRPS I after extra-articular DRF treated with 
closed reduction and cast immobilization. At 1-year follow-
up, the physiotherapy program showed clinically important 
differences and statistical significance in all functional out-
comes in these patients.

The incidence of CRPS after DRF varies from 1% to 
37%. This range of incidence could be because of different 
criteria used by the authors, as there is a lack of criterion 
standard for diagnosing CRPS I.25 The demographic data of 
the patients included in our study are similar to those 
described in the literature. Complex regional pain syndrome 
type I occurs frequently during the third and fourth week 
after cast removal, especially in women who report severe 
pain and impairment of physical quality of life.25 Regarding 
the effectiveness of physiotherapy, a systematic review 
showed that a limited number of low-quality trials has stud-
ied various physiotherapy modalities of treatment.9 The 
graded motor imagery and mirror therapy may provide clin-
ically meaningful improvements in pain and function in 
people with CRPS I, although the quality of the supporting 
evidence is very low.9 In addition, the effectiveness of mul-
timodal physiotherapy, electrotherapy, and manual lym-
phatic drainage is generally absent or unclear.9

Our results do not support the findings of previous 
studies. A possible explanation for our results are the clin-
ical and neurophysiological foundations of the applied 

Table 1. Baseline Characteristics of Elderly Patients With 
CRPS I After Extra-articular DRF.

Characteristics Patients (n = 72)

Age, y, mean (SD) 52.8 (6.9)
Gender, No. (%)
 Female 67 (93.1)
 Male 5 (6.9)
Height, m, mean (SD) 1.6 (1.8)
Weight, kg, mean (SD) 68.1 (9.1)
BMI, kg/m2, mean (SD) 28.1 (3.1)
According to AO classification type of DRF, No. (%)
 A2 6 (8.3)
 A3 48 (66.7)
 B1 10 (13.9)
 B2 8 (11.1)
Acceptable alignment of DRF, No. (%) 50 (69.4)
Immobilization time, wk, mean (SD) 6.3 (0.8)
Length of symptoms, wk, mean (SD) 5.8 (1.4)
Affected dominant hand, No. (%) 52 (72.2)
Comorbidities, No. (%)
 Diabetes 52 (72,2)
 Smoking 29 (40.3)
 Hypercholesterolemia 58 (80.6)
No. of comorbidities (diabetes, smoking,  

and hypercholesterolemia), No. (%)
 1 27 (37.5)
 2 23 (31.9)
 3 22 (30.6)
Education level, No. (%)
 Primary 22 (30.6)
 Secondary 40 (55.6)
 University 10 (13.9)
Physical activity level with RAPA, No. (%)
 Sedentary 16 (22.2)
 Underactive 52 (72.2)
 Active 4 (5.6)

Note. CRPS I = complex regional pain syndrome type I; DRF = distal 
radius fracture; BMI = body mass index; RAPA = rapid assessment of 
physical activity.
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standardized physiotherapy program. All patients began 
with 15 minutes of active wrist and hand exercises in a 
whirlpool, and we used thermoneutral water immersion 
(34°C), which decreases the activity of the sympathetic 
nervous system; when combined with the effects of 
hydrostatic pressure, it helps reduce edema and pain per-
ception.26 Then, joint mobilization was used in the first 2 
weeks of treatment, when pain levels are high, oscillatory 
techniques are better tolerated, and there is more effective 
pain relief and increased wrist function in patients with 
DRF. From week 3, when pain levels are lower, mainly at 
rest, sustained gliding techniques are more effective in 
these patients.27

The current evidence supports sensorimotor system 
alterations as the most clinically relevant impairment after 
DRF.28 These deficits have been suggested to result from 
cortical reorganization, which would be influentially asso-
ciated with persistent and recurrent pain, and have been 
significantly correlated with poor results in reported func-
tionality and disability.29 The gradual reintroduction of 
functional activity using therapeutic exercise with a focus 
on graduated corticomotor retraining is founded on the 
neurophysiology of motor learning.29 The conscious and 
voluntary learning of specific motor skills, such as control 
of scapular retraction, gradual wrist prehensile activity, 
and subtle manual skills, requires precision, decreasing 
the fear of the perceived threat of pain, reducing local 
rigidity, and modifying the cortical representation of the 
musculature affected by trauma.29

Pain management is essential in this clinical condition, 
although there are no published studies that have investi-
gated how pain interference can influence the response to 
physiotherapeutic treatment in elderly patients with CRPS I 
after extra-articular DRF. One study in patients with chronic 
pain showed that if the patient presents with low interference 
on both activity and affective interference dimensions, the 
probability of benefiting from the multidisciplinary treat-
ment is good: less weight problems, regular exercising, bet-
ter mood, and the most helpful psychological reactions to 
pain among these patients.30 However, there are few studies 
that have investigated the effectiveness of physiotherapy in 
patients with CRPS I after DRF.9 According to our findings, 

2 clinical trials showed that graded motor imagery and mir-
ror therapy are effectives in pain reduction and wrist func-
tion in these patients.31,32 However, no previous prospective 
studies have reported the clinical effects of physiotherapy at 
1-year follow-up.

This study has a few limitations. First, as it is an obser-
vational study, it does not have a control group. Second, 
there was no randomized sample strategy to select the 
patients. Third, the lack of control for confounding factors 
inherent in observational studies may have caused overes-
timation of the treatment effects. Finally, all these consid-
erations must be examined when attempting to extrapolate 
the results of our study to patients younger than 60 years 
with CRPS I after DRF or to patients with intra-articular 
DRF treated surgically.

In summary, at 1-year follow-up, a physiotherapy pro-
gram showed clinically and statistically significant results 
in all functional outcomes in elderly patients with CRPS I 
after extra-articular DRF. Our results must be interpreted in 
the context of the studied population. Future studies are 
needed to verify these findings in younger patients or intra-
articular DRF treated surgically while controlling con-
founding factors that could influence functional outcomes 
in these patients.
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Table 2. Comparison of Results at Baseline, After Treatment, and at 1-Year Follow-up.

Outcome
Baseline, 

mean (SD)
At the end of treatment 

at 6 wk, mean (SD)
Mean 

difference (SD)
1-year follow-
up, mean (SD)

Mean 
difference (SD)

Effect size 
(Cohen’s d)

95% CI for 
Cohen’s d P value

PRWE 65.7 (7.6) 45.5 (7.5) 20.3 (2.5)* 23.8 (7.5) 21.6 (6.2) 2.8 18.6-24.6 .000a

DASH 73.0 (6.0) 48.4 (8.5) 24.8 (5.0)* 24.5 (7.6) 23.8 (5.2) 2.9 20.8-26.7 .000a

Grip strength 16.8 (6.2) 24.2 (7.5) 7.6 (3.2)* 64.8 (8.9) 40.6 (8.2) 5.0 43.5-37.6 .000a

VAS 7.2 (1.3) 4.1(1.6) 3.1 (0.5)* 1.5 (1.0) 2.6 (0.6) 1.9 2.11-3.16 .000a

Note. CI = confidence interval; PRWE = Patient-Rated Wrist Evaluation; DASH = Disabilities Arm Shoulder and Hand; VAS = Visual Analogue Scale.
aDifference at the end of treatment and 1-year follow-up.
*Statistically significant difference at baseline and after treatment: P < .001.
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