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Incidence of and Risk Factors for 
Complex Regional pain syndrome 
Type 1 after Surgery for Distal 
Radius Fractures: A Population-
based Study
Young-Hoon Jo  1, KangWook Kim2, Bong-Gun Lee3, Joo-Hak Kim4, Chang-Hun Lee5 & 
Kwang-Hyun Lee  3

This study aimed to evaluate the incidence rates of and risk factors for complex regional pain syndrome 
type 1 (CRPS-1) after surgery for distal radius fractures (DRFs). Using data from January 2007 to 
December 2014, we analysed the data from the Korean Health Insurance Review and Assessment 
(HIRA) service. After extracting the data of patients aged ≥18 years whose diagnostic and operation 
codes for DRFs were entered into the HIRA database, we analysed the incidence rates of and risk factors 
for CRPS-1. From 2007 to 2014, 172,194 DRFs were treated surgically. Within 1 year postoperatively, 
1,103 CRPS-1 cases were diagnosed, with an incidence of 0.64%. On univariate and multivariate 
analyses, the risk factors that significantly correlated with the incidence of CRPS-1 included female sex, 
rheumatoid arthritis, open reduction, open fracture, and accompanying ulnar fracture, whereas old age, 
psychiatric disease, and external fixation were not statistically significant. The incidence of CRPS-1 after 
surgery for DRF was very low (0.64%) in South Korea. Careful monitoring is necessary for patients with 
complex fractures and rheumatoid arthritis who are at increased risk of developing CRPS-1.

Complex regional pain syndrome type 1 (CRPS-1) is a complex clinical syndrome that is characterised by exces-
sive pain, swelling, local blood flow changes, and abnormality of the sudomotor nerve. It occurs frequently in the 
upper extremities and is often seen after fractures or surgery1. Therefore, distal radius fractures (DRFs) are one 
of the most common causes of CRPS-1. When CRPS-1 occurs, the patient’s quality of life and daily function are 
severely impaired due to the severe pain, making it difficult for them to return to the workplace2. Early diagnosis 
and intensive treatment of CRPS-1 are important for recovery of function2,3. Therefore, it is important to recog-
nize the risk factors for CRPS-1 to enable early diagnosis and intervention.

Most previous studies covered a small number of patients at single institutions, and there was no consensus 
on the diagnostic criteria for CRPS-1. Therefore, the incidence of CRPS-1 after DRF was significantly different 
amongst the studies, ranging from 0.9% to 37%4–7. In addition, several studies have suggested that various risk 
factors are associated with the occurrence of CRPS-1, but there is disagreement amongst them on the relationship 
between these risk factors and the incidence of CRPS-18–10. Some studies have suggested that psychiatric disor-
ders, such as depression and anxiety disorders, cause CRPS-111,12. In other studies, psychiatric disorders were not 
a trigger but a result of chronic pain and disability13,14. Studies have suggested that treating DRFs with external 
fixation (EF) increases the incidence of CRPS-1 compared with other surgical methods because of its long fixation 
period and distraction technique15,16, whereas other studies have suggested that there is no significant difference 
in the incidence of CRPS-1 depending on the surgical method17,18. Additionally, several studies have suggested 
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that the incidence of CRPS-1 is correlated with old age, female sex, rheumatoid arthritis (RA), and fracture types; 
however, there is no clear consensus8,10.

We evaluated the incidence of CRPS-1 in patients who underwent surgical treatment of DRF, using the nation-
wide database of the Korean Health Insurance Review and Assessment (HIRA) service. We also investigated the 
relationship between the incidence of CRPS-1 and risk factors such as age, sex, concomitant diseases, type of 
surgery, and type of fracture.

Results
From 2007 to 2014, 172,194 DRFs (157,398 patients) were treated surgically. Of these, 34,875 patients (37,929 
DRFs) were male and 122,523 (134,265 DRFs) were female. The mean age was 61.7 ± 13.8 years. CRPS-1 
occurred after surgery for DRF in 1,103 cases; the incidence rate was 0.64%. The time at which the International 
Classification of Diseases, 10th revision (ICD-10) code for CRPS-1 was entered was 97 ± 84 days from surgery. 
The incidence was lowest in patients in the under-30s group (0.24%) and steadily increased until patients were 
in their 50 s (0.83%). Afterwards, the incidence declined again and showed a low rate (0.30%) at the age of 80 
(Table 1). In terms of the surgical method, the incidence was highest (0.88%) when open reduction and internal 
fixation (ORIF) and EF were simultaneously performed and lowest (0.56%) when closed reduction and percu-
taneous pinning were performed. The incidence of CRPS-1 was lower after EF (0.61%) than after ORIF (0.68%) 
(Table 2).

In the univariate analysis, patients in the CRPS group were significantly older than those in the non-CRPS 
group, and there was a higher ratio of women (all: p < 0.001). The proportion of patients with psychiatric factors 
and RA was significantly higher in the CRPS group than in the non-CRPS group (p = 0.044 and p = 0.001, respec-
tively). Regarding the fracture type, patients in the CRPS group had a significantly greater incidence of accom-
panying ulnar fracture and open fractures (p = 0.001 and p = 0.007, respectively) than those in the non-CRPS 
group. Regarding surgical methods, although the proportion of cases in which open reduction was performed 
was higher in the CRPS group than in the non-CRPS group (p = 0.024), there was no significant difference in the 
proportion of EFs between the two groups (p = 0.342) (Table 3).

In the multivariate logistic regression analysis, female sex, RA, accompanying ulnar fracture, open frac-
ture and open reduction were significant factors, whereas age and psychiatric factors were not (p = 0.077 and 
p = 0.088, respectively). Amongst the significant factors, RA had the highest odds ratio, followed by female sex 
and accompanying ulnar fracture (Table 4).

Discussion
Recently, the preference for surgical treatment of DRF has increased19,20, and some studies have linked the high 
incidence of CRPS-1 with EF15,16. Thus, we analysed the incidence rate of and risk factors for CRPS-1 in 172,194 
DRFs treated surgically from 2007 to 2014 using the nationwide database of the Korean HIRA. The incidence of 
CRPS-1 was 0.64%, which was lower than that reported previously. Female sex, RA, accompanying ulnar fracture, 
open fracture, and open reduction were identified as significant risk factors for CRPS-1, whereas age, psychiatric 
factors, and EF were not.

Kim et al.21 reported the incidence of CRPS in South Korea as 29.0 per 100,000 person-years; this rate is higher 
than that in western countries, where it is 26.2 per 100,000 person-years in the Netherlands and 5.46 per 100,000 

Age (year)

Total Men Women

No of CRPS patient/
No of fracture patient

No of CRPS patient/
No of fracture patient

No of CRPS patient/
No of fracture patient

18–29 14/5,752 (0.24%) 9/4,275 (0.21%) 5/1,477 (0.34%)

30–39 18/5,815 (0.31%) 14/3,942 (0.36%) 4/1,873 (0.21%)

40–49 70/14,754 (0.47%) 30/7,777 (0.39%) 40/6,977 (0.57)

50–59 374/45,319 (0.83%) 57/9,813 (0.58%) 317/35,506 (0.89%)

60–69 359/47,771 (0.75%) 51/6,681 (0.76%) 308/41,090 (0.75%)

70–79 226/38,945 (0.58%) 24/4,319 (0.55%) 202/34,626 (0.58%)

80+ 42/13,838 (0.30%) 0/1,122 (0%) 42/12,716 (0.33%)

Table 1. The incidence of type 1 CRPS by age group. CRPS: complex regional pain syndrome.

Surgical methods CRPS cases/Total cases
Incidence 
rate

Open reduction and internal fixation 517/75,230 0.68%

Closed percutaneous pinning 324/57,272 0.56%

Open reduction and internal fixation with External fixation 19/2,129 0.88%

Closed percutaneous pinning with External fixation 70/8,464 0.82%

External fixation 173/27,996 0.61%

Table 2. The incidence of Type 1 CRPS by surgical method. CRPS: complex regional pain syndrome.
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person-years in the US1,22. Therefore, the low incidence rate of CRPS after surgery for DRFs in this study may not 
be due to ethnic differences. In South Korea, CRPS-1 has been classified as an intractable and rare disease since 
2005 and has become subject to the Copayment Decreasing Policy. If the ICD-10 code for CRPS-1 is entered and 
the Copayment Decreasing Policy application is submitted to and accepted by the National Health Insurance 
(NHI) corporation, the patient will only need to pay 10% of the total medical cost. When fully developed CRPS-1 
that requires treatment occurs, the surgeon or physician should enter ICD-10 codes based on the diagnostic crite-
ria to reduce the patient’s economic burden. Based on the results of our study, fully developed CRPS-1 requiring 
treatment after surgery for DRF appears to be rare. In the United States, Crijns et al.23 also analysed the incidence 
rate of CRPS after DRFs using the Truven Health MarketScan database and reported a low incidence rate of 
0.19%.

Several studies have reported that the incidence of CRPS-1 after EF for DRF was higher than that after other 
types of surgery15,16. However, EF was not a significant risk factor for CRPS-1 in this study. When the incidence 
of CRPS-1 was analysed according to the surgical method, the incidence was lower when only EF was per-
formed than it was when ORIF was performed. In the treatment of DRFs, EF is indicated when there is a severe 
intra-articular comminuted fracture or complex dislocation of the carpus24. Therefore, EF is usually performed 
for severe DRFs. A previous study suggested that the high incidence of CRPS-1 is not caused by EF, but rather due 
to the severe injury15. Jo et al.19 reported on the surgical trends in DRF treatment at different types of hospitals in 
South Korea. In Korea, tertiary hospitals (3.1%) had a lower rate of EF procedures than general hospitals (23.3%) 
and small hospitals (21.3%). Considering that severely injured patients are highly likely to be transferred to ter-
tiary hospitals, which are more advanced health-care institutions than general and small hospitals, in Korea, it 
seems that EF was indicated not only for severe injuries, but also factors such as the surgeon’s preference and eco-
nomic aspects. Because of this background, EF was not identified as a risk factor for the development of CRPS-1 
in this study. We believe that the incidence of CRPS-1 will not increase if EF is performed in patients with simple 
fractures.

There is significant controversy regarding the relationship between psychiatric factors and CRPS-19,25. Some 
studies reported a high incidence of CRPS-1 amongst patients with psychiatric factors, such as anxiety disorder 
and depression, whereas others argued that there is no clear relationship between them12,14,25. In this study, these 
psychiatric factors were not significant risk factors for CRPS-1. It is known that histological changes occur around 
CRPS-1 lesions26. Zollinger et al.5 have argued that it is difficult to explain the changes and abnormalities in the 
tissues by psychiatric factors only.

Some studies have suggested that CRPS-1 occurs in elderly people10,25. However, age was not a significant 
risk factor in this study. The incidence of CRPS-1 increased with age until the patients were in their 50 s, but 

Variable
CRPS group 
(n = 1,103)

Non-CRPS group 
(n = 171,091) P-value

Sex, n (%) <0.001

Male 185 (16.8) 37,744 (22.1) .

Female 918 (83.2) 133,347 (77.9) .

Age, years 61.84 ± 10.94 61.67 ± 13.86 <0.001

Psychiatric factor, n (%) 138 (12.5) 18,201 (10.6) 0.044

Seropositive RA, n (%) 22 (2.0) 1,514 (0.9) <0.001

Reduction method, n (%) 0.024

Open 536 (48.6) 77,359 (45.2)

Closed 567 (51.4) 93,732 (54.8)

Application of external fixator, n (%) 262 (23.8) 38,589 (22.6) 0.342

With ulnar fracture, n (%) 386 (35.0) 47,366 (27.7) <0.001

Open fracture, n (%) 55 (5.0) 5,984 (3.5) 0.007

Table 3. Univariate analysis of the CRPS group and non-CRPS group. CRPS: complex regional pain syndrome; 
RA: rheumatoid arthritis.

Variable aOR 95% CI P-value

Sex 1.448 1.223–1.723 <0.001

Age, years 1.043 0.995–1.094 0.077

Psychiatric factor 1.170 0,973–1.396 0.088

Seropositive RA 2.185 1.385–3.258 <0.001

Reduction method 1.148 1.019–1.293 0.023

With ulnar fracture 1.376 1.213–1.559 <0.001

Open fracture 1.338 1.004–1.746 0.039

Table 4. Multivariate logistic regression for predicting type 1 complex regional pain syndrome after distal 
radius fracture surgery. aOR: adjusted odds ratio; CI: confidence interval; RA: rheumatoid arthritis.
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decreased thereafter (Table 1). In previous population-based studies, a similar pattern of incidence by age group 
was observed1,22. Based on this result, it appears that the incidence of CRPS-1 does not simply with age in a linear 
fashion, but that there are age groups in which CRPS-1 occurs most frequently. The incidence of CRPS-1, as well 
as the number of patients with DRF, was higher amongst patients in their 50 s and 60 s than amongst patients in 
any other age group.

Female sex has been reported as a risk factor for CRPS-11,10,22, and it was also a significant risk factor in this 
study. Although the incidence of surgery for DRF was 3.5 times higher amongst women than that amongst men, 
the incidence of CRPS-1 was five times higher amongst women than that amongst men (Table 3). Because the 
incidence of CRPS-1 is especially high amongst women in their 50 s and 60 s, CRPS-1 may be a result of hormonal 
changes; however, the relationship between CRPS-1 and hormones is still unclear27.

Interestingly, seropositive RA was a significant risk factor for CRPS-1, with the highest odds ratio (Table 4). 
Several authors have suggested that an inflammatory response is a major mechanism of CRPS-128,29. The levels of 
neuropeptides, such as substance P and the calcitonin gene-related peptide, are increased in patients with CRPS-
130,31, and these neuropeptides cause vasodilation and protein extravasation, resulting in neurogenic inflamma-
tion with erythema, oedema and heat32. The serum levels of inflammatory cytokines, such as tumour necrosis 
factor α and interleukin 6, are also elevated in patients with CRPS-129,33, and these cytokines are known as major 
causes of sensitisation and hyperalgesia34,35. Based on these findings, neurogenic inflammation plays an important 
role in the pathogenesis of CRPS-128.

Various inflammatory cytokines and neuropeptides are involved in the pathogenesis of RA36. The levels of 
cytokines and neuropeptides in the serum and synovial fluid of patients with RA are high, and elevated levels are 
associated with disease activation37–39. Furthermore, because the wrist joints are the most common sites of RA 
lesions40,41, DRFs can be exposed to high levels of cytokines and neuropeptides that are present in the synovial 
fluid of the wrists of patients with RA39. These cytokines and neuropeptides may induce neurogenic inflammation 
and vasomotor dysfunction; therefore, RA may be a risk factor for CRPS-1. Beerthuizen et al.8 also reported that 
RA is a risk factor for CRPS-1.

Accompanying ulnar facture and open fractures were significant risk factors for CRPS-1. Lafontaine et al.42 
classified DRFs that were associated with an ulnar fracture as unstable fractures in patients older than 60 years. 
Bicherstaff and Kanis43 reported that the incidence of CRPS-1 after DRF was high when it was accompanied by 
an ulnar fracture, and the authors reported that the high incidence of CRPS-1 was associated with the severity of 
the fracture. In addition, open fractures are more often caused by soft tissue damage and high-energy injury than 
closed fractures44. Several studies have reported on the incidence of CRPS-1 after severe injury5,8,10,17. It appears 
that accompanying ulnar fracture and open fracture are risk factors for CRPS-1 and are associated with the sever-
ity of injury. In this study, the incidence of CRPS-1 was the highest when ORIF and EF were performed simulta-
neously (Table 2). This result also demonstrates the relationship between severe complex fractures and CRPS-1.

ORIF has become the standard surgical method for DRF worldwide19,20,45. In this study, the incidence of 
CRPS-1 was higher after open reduction than after closed reduction. This result is not surprising because any 
surgery that damages the soft tissues can cause CRPS-110,46. Although open reduction had the lowest odds ratio, a 
precise surgical technique that minimises soft tissue damage during open reduction must be developed to reduce 
the incidence of CRPS-1.

The main strength of the present study was the inclusion of a large number of patients using a nationwide 
database. Because CRPS-1 is a relatively rare disease, there is a considerable limitation in analysing risk factors 
from a single institution4. In addition, the diagnostic criteria of CRPS-1 were uniformly applied using national 
criteria. However, there are limitations to this study as well. First, the diagnostic criteria for entering the ICD-
10 codes of CRPS-1 in South Korea during the study period were the original International Association for the 
Study of Pain (IASP) criteria rather than the new IASP criteria (also called the Budapest criteria)47,48. Although 
the original IASP criteria have a lower specificity than the Budapest criteria49, in South Korea, unfortunately these 
were the only diagnostic criteria accepted by the NHI during the study period. Second, patients who underwent 
conservative treatment with DRFs were not included in the study. The authors wanted to analyse if there was any 
difference in the incidence rate of CRPS according to the surgical methods for DRFs, specifically whether EF is 
an important risk factor for CRPS. Hence, the authors only included patients who underwent surgical treatment 
after DRFs in this study. Third, there was no radiographic information on DRF. Finally, there may have been some 
coding errors in this large database.

In conclusion, the incidence of CRPS-1 after surgery for DRF was very low (0.64%) in South Korea. 
Furthermore, careful monitoring is necessary for patients with complex fractures and RA, who are at increased 
risk of developing CRPS-1. If CRPS-1 is suspected during patient monitoring, early intervention with proactive 
anti-inflammatory therapy, such as steroids, may be helpful.

Methods
Data source. The authors analysed a nationwide database obtained from the HIRA from 2007 to 2014. In 
South Korea, NHI covers 100% of the population, including 97% of health insurance and 3% of medical aid19. All 
health-care providers submit claims data for inpatient and outpatient management, including diagnostic codes, 
which are classified according to the ICD-10 codes, procedure codes and demographic information, to the HIRA 
to request reimbursement for the medical cost from the NHI service. Hence, the medical records of almost all 
outpatients or hospitalised patients at health-care institutions in South Korea are prospectively recorded in the 
HIRA database.

Data collection. We first identified patients aged ≥18 years who underwent surgery for DRF from 2007 to 
2014, using ICD-10 codes (S525 and S526) and operation codes (Table 5)19. The presence of CRPS-1 was assessed 
using the ICD-10 codes for CRPS-1 (M890). The diagnostic criteria of CRPS-1 in South Korea are based on the 
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criteria of the IASP47, and the CRPS pattern that appears on a three-phase bone scan or infrared thermography 
should show a difference of greater than 1° compared with that of the normal side. In this study, CRPS-1 that was 
associated with DRF was defined as CRPS-1 that occurred within 1 year from surgery for DRF. The ICD-10 code 
for CRPS-1 (M8905, M8906, M8097, and M8908) in the lower extremities was considered to be independent 
from DRF.

HIRA data from 2007 to 2015 were available, but it was difficult to confirm the occurrence of CRPS-1 in 
patients with DRFs in 2015 because of the short follow-up period. The 2015 data were only used to confirm the 
occurrence of CRPS-1 in patients with DRFs in 2014. In this study, patients younger than 18 years, patients who 
received a diagnostic code for CRPS-1 before DRF and patients who received a diagnostic code for CRPS-1 more 
than 1 year after DRF were excluded.

We examined the patients’ age, sex, comorbidities, operative method and fracture type. Psychiatric disorders 
and RA, which were shown to be associated with CRPS-1 in previous studies, were examined as comorbidities8,25. 
Because the HIRA data provide information on the medical specialty responsible for treatment, patients who 
were diagnosed with depression or anxiety disorder by a psychiatrist prior to DRF were determined to have psy-
chiatric factors (Table 6)9. The presence of RA was determined by the presence of ICD-10 codes for seropositive 
RA (Table 6). The operative method was determined by using the operation code to investigate whether open 
reduction or EF was performed (Table 5). Due to the lack of radiological information on DRFs in the HIRA data, 
the presence of a distal ulnar fracture (S526) and open fracture (S52521, S52531, S52541, S52581, S52591, and 
S5261) were investigated as the fracture type, using the ICD-10 codes.

Statistical analysis. The patients were divided into two groups: patients with CRPS-1 (CRPS group) and 
those without CRPS-1 (non-CRPS group) to investigate the risk factors for CRPS-1. Variables in the two groups 
were compared using Student’s t-tests or the chi-square test. A multivariate logistic regression analysis was used 
to examine factors affecting the occurrence of CRPS-1, considering the confounding effect of variables showing 
significance in the univariate analysis. A p-value < 0.05 was considered statistically significant. The statistical 
analysis was performed using the SAS statistical software, version 9.13 (SAS Institute, Cary, NC, USA).

Ethics approval and consent to participate. This study protocol was exempted for review by the institu-
tional review board of the Hanyang University Hospital (HYUH 2016-05-003) in accordance with the exemption 
criteria. Informed consent was exempted because this study used only data opened to the public.

Data Availability
Data will not be shared due terms of the contract signed with the Korean Health Insurance Review and Assess-
ment Service that provided us with the nationwide data in South Korea. According to these terms, the data col-
lected must be discarded once the investigation has been concluded.

Operation Code Description

N0607 or N0617 ORIF for radius

N0603 or N0613 ORIF for both radius and ulna

N0993 Percutaneous pinning for radius

N0994 Percutaneous pinning for radius and ulna

N0983 External fixation

Table 5. Operation codes of distal radius fractures in South Korea. ORIF: open reduction with internal fixation.

Comorbidity
ICD-10 
Code Description

Depression

F32 Depressive episode

F33 Recurrent depressive disorder

F341 Dysthymia

F381 Recurrent brief depressive 
episodes

F412 Mixed anxiety and depressive 
disorder

F920 Depressive conduct disorder

Anxiety disorder

F40 Phobic anxiety disorders

F41 Other anxiety disorders

F064 Organic anxiety disorder

Seropositive RA
M058 Other seropositive RA

M059 Seropositive RA, unspecified

Table 6. Diagnosis codes of depression, anxiety disorder and seropositive rheumatoid arthritis according to the 
ICD-10. ICD-10: International Classification of Diseases, 10th revision; RA: rheumatoid arthritis.

https://doi.org/10.1038/s41598-019-41152-x


6Scientific RepoRts |          (2019) 9:4871  | https://doi.org/10.1038/s41598-019-41152-x

www.nature.com/scientificreportswww.nature.com/scientificreports/

References
 1. de Mos, M. et al. The incidence of complex regional pain syndrome: a population-based study. Pain 129, 12–20, https://doi.

org/10.1016/j.pain.2006.09.008 (2007).
 2. Kang, J. E., Kim, Y. C., Lee, S. C. & Kim, J. H. Relationship between complex regional pain syndrome and working life: a Korean 

study. J. Korean Med. Sci. 27, 929–933 (2012).
 3. Li, Z., Smith, B. P., Smith, T. L. & Koman, L. A. Diagnosis and management of complex regional pain syndrome complicating upper 

extremity recovery. J. Hand Ther. 18, 270–276, https://doi.org/10.1197/j.jht.2005.02.005 (2005).
 4. Dijkstra, P. U., Groothoff, J. W., ten Duis, H. J. & Geertzen, J. H. Incidence of complex regional pain syndrome type I after fractures 

of the distal radius. Eur. J. Pain 7, 457–462 (2003).
 5. Zollinger, P. E., Tuinebreijer, W. E., Kreis, R. W. & Breederveld, R. S. Effect of vitamin C on frequency of reflex sympathetic dystrophy 

in wrist fractures: a randomised trial. Lancet 354, 2025–2028 (1999).
 6. Atkins, R. M., Duckworth, T. & Kanis, J. A. Features of algodystrophy after Colles’ fracture. J. Bone Joint Surg. Br. 72, 105–110 (1990).
 7. Moseley, G. L. et al. Intense pain soon after wrist fracture strongly predicts who will develop complex regional pain syndrome: 

prospective cohort study. J. Pain 15, 16–23, https://doi.org/10.1016/j.jpain.2013.08.009 (2014).
 8. Beerthuizen, A. et al. Demographic and medical parameters in the development of complex regional pain syndrome type 1 (CRPS1): 

prospective study on 596 patients with a fracture. Pain 153, 1187–1192, https://doi.org/10.1016/j.pain.2012.01.026 (2012).
 9. Puchalski, P. & Zyluk, A. Complex regional pain syndrome type 1 after fractures of the distal radius: a prospective study of the role 

of psychological factors. J. Hand Surg. Br. 30, 574–580, https://doi.org/10.1016/j.jhsb.2005.06.023 (2005).
 10. Zyluk, A. Complex regional pain syndrome type I. Risk factors, prevention and risk of recurrence. J. Hand. Surg. Br. 29, 334–337, 

https://doi.org/10.1016/j.jhsb.2004.01.003 (2004).
 11. Pawl, R. P. Controversies surrounding reflex sympathetic dystrophy: a review article. Curr. Rev. Pain 4, 259–267 (2000).
 12. Dilek, B. et al. Anxious personality is a risk factor for developing complex regional pain syndrome type I. Rheumatol. Int. 32, 

915–920, https://doi.org/10.1007/s00296-010-1714-9 (2012).
 13. Margalit, D., Har, L. B., Brill, S. & Vatine, J.-J. Complex regional pain syndrome, alexithymia, and psychological distress. J. 

Psychosom. Res. 77, 273–277 (2014).
 14. Beerthuizen, A. et al. The association between psychological factors and the development of complex regional pain syndrome type 

1 (CRPS1) – a prospective multicenter study. Eur. J. Pain 15, 971–975, https://doi.org/10.1016/j.ejpain.2011.02.008 (2011).
 15. Suso, S., Combalía, A., Segur, J. M., García-Ramiro, S. & Ramón, R. Comminuted intra-articular fractures of the distal end of the 

radius treated with the Hoffmann external fixator. J. Trauma 35, 61–66 (1993).
 16. Hegeman, J. H., Oskam, J., Vierhout, P. A. & Ten Duis, H. J. External fixation for unstable intra-articular distal radial fractures in 

women older than 55 years. Acceptable functional end results in the majority of the patients despite significant secondary 
displacement. Injury 36, 339–344, https://doi.org/10.1016/j.injury.2004.08.004 (2005).

 17. Roh, Y. H. et al. Factors associated with complex regional pain syndrome type I in patients with surgically treated distal radius 
fracture. Arch. Orthop. Trauma Surg. 134, 1775–1781 (2014).

 18. Zollinger, P. E. et al. No Higher Risk of CRPS After External Fixation of Distal Radial Fractures–Subgroup Analysis Under 
Randomised Vitamin C Prophylaxis. Open Orthop. J. 4 (2010).

 19. Jo, Y. H. et al. National surgical trends for distal radius fractures in Korea. J. Korean Med. Sci. 32, 1181–1186, https://doi.org/10.3346/
jkms.2017.32.7.1181 (2017).

 20. Hevonkorpi, T. P. et al. Incidence of distal radius fracture surgery in Finns aged 50 years or more between 1998 and 2016 - too many 
patients are yet operated on? BMC Musculoskelet. Disord. 19, 70, https://doi.org/10.1186/s12891-018-1983-0 (2018).

 21. Kim, H., Lee, C. H., Kim, S. H. & Kim, Y. D. Epidemiology of complex regional pain syndrome in Korea: an electronic population 
health data study. PLoS One 13, e0198147, https://doi.org/10.1371/journal.pone.0198147 (2018).

 22. Sandroni, P., Benrud-Larson, L. M., McClelland, R. L. & Low, P. A. Complex regional pain syndrome type I: incidence and 
prevalence in Olmsted county, a population-based study. Pain 103, 199–207 (2003).

 23. Crijns, T. J., van der Gronde, B., Ring, D. & Leung, N. Complex regional pain syndrome after distal radius fracture is uncommon and 
is often associated with fibromyalgia. Clin. Orthop. Relat. Res. 476, 744–750, https://doi.org/10.1007/s11999.0000000000000070 
(2018).

 24. Fernandez, D., Jakob, R. & Büchler, U. External fixation of the wrist. Current indications and technique. Ann. Chir. Gynaecol. 
298–302 (1983).

 25. Geertzen, J. H., Dijkstra, P. U., Groothoff, J. W., ten Duis, H. J. & Eisma, W. H. Reflex sympathetic dystrophy of the upper extremity 
– a 5.5-year follow-up. Part I. Impairments and perceived disability. Acta Orthop. Scand. Suppl. 279, 12–18 (1998).

 26. van der Laan, L., ter Laak, H. J., Gabreels-Festen, A., Gabreels, F. & Goris, R. J. Complex regional pain syndrome type I (RSD): 
pathology of skeletal muscle and peripheral nerve. Neurology 51, 20–25 (1998).

 27. de Mos, M., Huygen, F., Stricker, B., Dieleman, J. & Sturkenboom, M. Estrogens and the risk of complex regional pain syndrome 
(CRPS). Pharmacoepidemiol. Drug Saf. 18, 44–52 (2009).

 28. Goebel, A. Complex regional pain syndrome in adults. Rheumatology (Oxford) 50, 1739–1750, https://doi.org/10.1093/
rheumatology/ker202 (2011).

 29. Parkitny, L. et al. Inflammation in complex regional pain syndrome: a systematic review and meta-analysis. Neurology 80, 106–117, 
https://doi.org/10.1212/WNL.0b013e31827b1aa1 (2013).

 30. Schinkel, C. et al. Inflammatory mediators are altered in the acute phase of posttraumatic complex regional pain syndrome. Clin. J. 
Pain 22, 235–239, https://doi.org/10.1097/01.ajp.0000169669.70523.f0 (2006).

 31. Birklein, F., Schmelz, M., Schifter, S. & Weber, M. The important role of neuropeptides in complex regional pain syndrome. 
Neurology 57, 2179–2184 (2001).

 32. Holzer, P. Neurogenic vasodilatation and plasma leakage in the skin. Gen. Pharmacol. 30, 5–11 (1998).
 33. Uceyler, N., Eberle, T., Rolke, R., Birklein, F. & Sommer, C. Differential expression patterns of cytokines in complex regional pain 

syndrome. Pain 132, 195–205, https://doi.org/10.1016/j.pain.2007.07.031 (2007).
 34. Jin, X. & Gereau, R. W. 4th Acute p38-mediated modulation of tetrodotoxin-resistant sodium channels in mouse sensory neurons 

by tumor necrosis factor-alpha. J. Neurosci. 26, 246–255, https://doi.org/10.1523/jneurosci.3858-05.2006 (2006).
 35. Cunha, F. Q., Lorenzetti, B. B., Poole, S. & Ferreira, S. H. Interleukin-8 as a mediator of sympathetic pain. Br. J. Pharmacol. 104, 

765–767 (1991).
 36. McInnes, I. B. & Schett, G. Cytokines in the pathogenesis of rheumatoid arthritis. Nat. Rev. Immunol. 7, 429–442 (2007).
 37. Altomonte, L., Zoli, A., Mirone, L., Scolieri, P. & Magaro, M. Serum levels of interleukin-1b, tumour necrosis factor-a and 

interleukin-2 in rheumatoid arthritis. Correlation with disease activity. Clin. Rheumatol. 11, 202–205 (1992).
 38. Burgoyne, C. H. et al. Abnormal T cell differentiation persists in patients with rheumatoid arthritis in clinical remission and predicts 

relapse. Ann. Rheum. Dis. 67, 750–757, https://doi.org/10.1136/ard.2007.073833 (2008).
 39. Grimsholm, O., Rantapää-Dahlqvist, S. & Forsgren, S. Levels of gastrin-releasing peptide and substance P in synovial fluid and 

serum correlate with levels of cytokines in rheumatoid arthritis. Arthritis Res. Ther. 7, R416 (2005).
 40. Trieb, K. Treatment of the wrist in rheumatoid arthritis. J. Hand Surg. Am. 33, 113–123, https://doi.org/10.1016/j.jhsa.2007.09.011 

(2008).
 41. Biehl, C. et al. Radiocarpal fusion and midcarpal resection interposition arthroplasty: long-term results in severely destroyed 

rheumatoid wrists. BMC Musculoskelet. Disord. 19, 286, https://doi.org/10.1186/s12891-018-2172-x (2018).

https://doi.org/10.1038/s41598-019-41152-x
https://doi.org/10.1016/j.pain.2006.09.008
https://doi.org/10.1016/j.pain.2006.09.008
https://doi.org/10.1197/j.jht.2005.02.005
https://doi.org/10.1016/j.jpain.2013.08.009
https://doi.org/10.1016/j.pain.2012.01.026
https://doi.org/10.1016/j.jhsb.2005.06.023
https://doi.org/10.1016/j.jhsb.2004.01.003
https://doi.org/10.1007/s00296-010-1714-9
https://doi.org/10.1016/j.ejpain.2011.02.008
https://doi.org/10.1016/j.injury.2004.08.004
https://doi.org/10.3346/jkms.2017.32.7.1181
https://doi.org/10.3346/jkms.2017.32.7.1181
https://doi.org/10.1186/s12891-018-1983-0
https://doi.org/10.1371/journal.pone.0198147
https://doi.org/10.1007/s11999.0000000000000070
https://doi.org/10.1093/rheumatology/ker202
https://doi.org/10.1093/rheumatology/ker202
https://doi.org/10.1212/WNL.0b013e31827b1aa1
https://doi.org/10.1097/01.ajp.0000169669.70523.f0
https://doi.org/10.1016/j.pain.2007.07.031
https://doi.org/10.1523/jneurosci.3858-05.2006
https://doi.org/10.1136/ard.2007.073833
https://doi.org/10.1016/j.jhsa.2007.09.011
https://doi.org/10.1186/s12891-018-2172-x


7Scientific RepoRts |          (2019) 9:4871  | https://doi.org/10.1038/s41598-019-41152-x

www.nature.com/scientificreportswww.nature.com/scientificreports/

 42. Lafontaine, M., Hardy, D. & Delince, P. Stability assessment of distal radius fractures. Injury 20, 208–210 (1989).
 43. Bickerstaff, D. & Kanis, J. Algodystrophy: an under-recognized complication of minor trauma. Br. J. Rheumatol. 33, 240–248 (1994).
 44. Rozental, T. D., Beredjiklian, P. K., Steinberg, D. R. & Bozentka, D. J. Open fractures of the distal radius. J. Hand Surg. Am. 27, 77–85 

(2002).
 45. Wilcke, M. K., Hammarberg, H. & Adolphson, P. Y. Epidemiology and changed surgical treatment methods for fractures of the distal 

radius: a registry analysis of 42,583 patients in Stockholm County, Sweden, 2004–2010. Acta Orthop. 84, 292–296, https://doi.org/1
0.3109/17453674.2013.792035 (2013).

 46. Li, Z., Smith, B. P., Tuohy, C., Smith, T. L. & Koman, L. A. Complex regional pain syndrome after hand surgery. Hand Clin. 26, 
281–289 (2010).

 47. Stanton-Hicks, M. et al. Reflex sympathetic dystrophy: changing concepts and taxonomy. Pain 63, 127–133 (1995).
 48. Harden, R. N. et al. Complex regional pain syndrome: practical diagnostic and treatment guidelines, 4th edition. Pain Med 14, 

180–229, https://doi.org/10.1111/pme.12033 (2013).
 49. Harden, R. N. et al. Validation of proposed diagnostic criteria (the “Budapest criteria”) for complex regional pain syndrome. Pain 

150, 268–274, https://doi.org/10.1016/j.pain.2010.04.030 (2010).

Author Contributions
Y.H.J. participated in data acquisition, performed data analysis and participated in writing, K.K. participated 
in data interpretation and writing of the manuscript, B.G.L. was involved in critical revision of the manuscript, 
J.H.K. was active in revision of the manuscript, C.H.L. performed data analysis, K.H.L. was active in research 
conception and critical revision of the manuscript.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-41152-x
https://doi.org/10.3109/17453674.2013.792035
https://doi.org/10.3109/17453674.2013.792035
https://doi.org/10.1111/pme.12033
https://doi.org/10.1016/j.pain.2010.04.030
http://creativecommons.org/licenses/by/4.0/

	Incidence of and Risk Factors for Complex Regional Pain Syndrome Type 1 after Surgery for Distal Radius Fractures: A Popula ...
	Results
	Discussion
	Methods
	Data source. 
	Data collection. 
	Statistical analysis. 
	Ethics approval and consent to participate. 

	Table 1 The incidence of type 1 CRPS by age group.
	Table 2 The incidence of Type 1 CRPS by surgical method.
	Table 3 Univariate analysis of the CRPS group and non-CRPS group.
	Table 4 Multivariate logistic regression for predicting type 1 complex regional pain syndrome after distal radius fracture surgery.
	Table 5 Operation codes of distal radius fractures in South Korea.
	Table 6 Diagnosis codes of depression, anxiety disorder and seropositive rheumatoid arthritis according to the ICD-10.




