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Purpose: The correlation between carpal tunnel syndrome (CTS) surgery and trigger finger (TF) surgery is unclear; we conducted this 
nationwide population-based study to assess the development of severe CTS requiring surgery after TF surgery.
Patients and Methods: This retrospective cohort study used the data of patients diagnosed as having TF between January 1, 2001, and 
December 31, 2017, and they were divided into two comparative groups. Patients who underwent surgical release within 1 year of diagnosis 
were included in the TF-OP group, and those who did not undergo TF release during the same period were included in the TF-NOP group. 
The primary outcome was the new incidence of CTS release (CTR), and data on the related risk factors were collected for analysis.
Results: A total of 8232 patients each were enrolled into the TF-OP and TF-NOP groups and were 1:1 propensity score matched (mean 
patient age, 54.7 ± 10.1 years; mean follow-up duration, 6.58 years). The incidence rate of CTR was 1.1 per 1000 person-years in the TF- 
OP group and 0.7 per 1000 person-years in the TF-NOP group. The adjusted hazard ratio of TF surgery was 1.51. The factors significantly 
correlated with an increased incidence of CTR were age, female sex, diabetes mellitus, and chronic renal failure. In subgroup analysis, 
patients aged >65 years and female patients in the TF-OP group were still at significantly higher risks of CTR than were their counterparts 
in the TF-NOP subgroups. The cumulative incidence of CTR after TF surgery linearly increased with time in both groups.
Conclusion: Patients undergoing TF release may have a higher incidence of CTR 1 year later, especially women and patients aged 
>65 years. Diabetes mellitus and chronic renal failure may be risk factors.
Keywords: trigger finger release, nationwide cohort study, subgroup analysis, diabetes mellitus, chronic renal failure

Introduction
Trigger finger (TF) and carpal tunnel syndrome (CTS) are two of the most common disorders that result in hand functional 
disability. TF has a prevalence of approximately 2%,1 and it involves the disruption of the gliding mechanism of the 
interphalangeal and metacarpophalangeal joints due to mismatched sizes of the flexor tendons and first annular pulleys (A1 
pulleys) of the thumb and fingers, impairing finger flexion.2 The incidence and severity of TF are higher among patients with 
comorbidities such as rheumatoid arthritis, diabetes mellitus, and connective tissue disorders such as mucopolysaccharidosis.2 

A surgical technique known as A1 pulley release is a treatment option for patients refractory to conservative management (eg, 
splinting or injections), who have severe functional disability.3 Gil et al3 suggested that a patient with TF should receive three 
steroid injections before undergoing surgical release to ensure clinical and cost effectiveness. However, surgical management 
such as A1 pulley release may result in complications including digital nerve injury, incomplete pulley release, flexor tendon 
laceration after percutaneous release,4 synovial fistula, bowstring injury, deep space infection, and scar tenderness5,6 after open 
release. CTS affects wrist function through median nerve compression. Patients with CTS might experience median nerve 
paresthesia or hand pain. In severe cases, wrist motor function is compromised.7 Severe CTS that cannot be managed with 
conservative treatment requires surgical release of the transverse carpal ligament.8
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The correlation between the incidence of CTS and that of TF is not completely understood; most studies have focused on 
the incidence TF after the surgical release of CTS.9–12 Karalezli et al conducted a cadaveric study and concluded that patients 
may be predisposed to the development of TF because of the increased friction caused by changes in the entrance angle of the 
flexor tendons into the A1 pulley after transection of the transverse carpal ligament.13 In an ultrasound study, Lee et al also 
indicated that more volar migration of the flexor tendons after the surgical release of CTS may induce a pathogenetic 
mechanism such as bowstringing, leading to TF.14 Considering the similar pathophysiological mechanism between TF and 
CTS, CTS that requires surgical treatment may develop after the surgical release of TF, but few studies have investigated the 
relationship between TF and CTS. In 2017, Lin et al discovered that carpal tunnel release surgery caused a 3.63-fold higher 
risk of the development of TF than that in the control group.15 Thus, we conducted this nationwide cohort study to investigate 
the incidence of CTS requiring surgical release after open TF release and the related risk factors.

Materials and Methods
This study was approved by the Research Ethics Committee of Hualien Tzu Chi Hospital (approval number: IRB108- 
242-C). The requirement for informed consent was waived by the ethics committee because of the retrospective nature of 
the study and because all data including personal basic information and detailed medical records were encrypted. 
Taiwan’s National Health Insurance Research Database, which is maintained by the National Health Insurance 
Administration, Ministry of Health and Welfare, and managed by the National Health Research Institutes, was accessed 
to retrieve data on patients with TF (ICD-9-CM code: 727.03; ICD-10-CM code: M65.3). We enrolled patients with 
incident TF between January 1, 2001, and December 31, 2017.

Individuals aged <20 years and patients who had a diagnosis of TF or CTS before their TF diagnosis index date were 
excluded. We divided the patients into two groups: the severe TF group and nonsevere TF group. The severe TF group 
comprised patients with TF that was treated surgically (surgery code: 64081C) within the first year after the diagnosis, 
and the nonsevere TF group comprised patients with TF that was not treated surgically in the first year after diagnosis. To 
avoid indication bias, we performed 1:1 propensity score matching (PSM) to match patients in the nonsevere TF group to 
those in the severe TF group (Figure 1) by age, gender, and the medical comorbidities listed in Table S1. The primary 
outcome of this study was the incidence of severe CTS that was diagnosed on the basis of the positive results of clinical 

Figure 1 The study flow chart.
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examination and an electrophysiological study and that required surgical release (CTR; International Classification of 
Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] code: 354.0 or ICD-10-CM code: G56.00, G56.01, G56.02, 
and surgery code: 83006C).

The data were analyzed using SAS version 9.4 and Stata version 16 (SAS Institute, Cary, NC, USA). Continuous 
variables are expressed as means and standard deviations, whereas categorical variables are expressed as numbers and 
percentages. Continuous variables were compared through Student’s t-tests, whereas categorical variables were compared 
through chi-squared or Fisher’s exact tests. Logistic regression was adopted to evaluate the factors associated with CTR. 
A p value of <0.05 was considered statistically significant.

Results
Using 1:1 PSM by age, sex, and comorbidities, we allocated 8232 patients each to the severe TF and nonsevere TF 
groups (Table 1). The mean patient age was 54.7 ± 10.1 years, and 84.5% of the patients were aged <65 years. The study 
population comprised 4261 male and 12,203 female patients. The mean follow-up duration was 6.6 ± 4.2 years (Table 1). 
The incidence of CTR was 1.1 per 1000 person-years in the severe TF group and 0.7 per 1000 person-years in the 
nonsevere TF group (Table 2). According to a multivariate Cox proportional-hazards model adjusted for the baseline 
characteristics listed in Table 1, the adjusted hazard ratio (aHR) of the severe TF and nonsevere TF groups was 

Table 1 Demographics Among the Patients with Trigger Finger Receiving Surgery in 1 Year After 
Diagnosis as Severe TF Group and Those Who Did Not Receive Surgery in 1 Year After Diagnosis as 
Non-Severe TF Group by 1:1 Propensity Score Matching Method

Severe TF Non-Severe TF Total p-value

N 8232 8232 16,464

Age 54.7±10.0 54.7±10.1 54.7±10.1 0.91

Age Group - - - 0.98

<65 y/o 6957 (84.5%) 6953 (84.5%) 13,910 (84.5%)

≧65 y/o 1275 (15.5%) 1279 (15.5%) 2554 (15.5%)

Gender - - - 0.63

Male 2117 (25.7%) 2144 (26.0%) 4261 (25.9%)

Female 6115 (74.3%) 6088 (74.0%) 12,203 (74.1%)

HTN (%) 2202 (26.8%) 2213 (26.9%) 4415 (26.8%) 0.85

DM (%) 1515 (18.4%) 1551 (18.8%) 3066 (18.6%) 0.47

Hyperlipidemia (%) 1585 (19.3%) 1598 (19.4%) 3183 (19.3%) 0.80

CAD (%) 556 (6.8%) 585 (7.1%) 1141 (6.9%) 0.37

CVA (%) 171 (2.1%) 205 (2.5%) 376 (2.3%) 0.08

Chronic liver disease (%) 532 (6.5%) 575 (7.0%) 1107 (6.7%) 0.18

Chronic renal failure (%) 102 (1.2%) 129 (1.6%) 231 (1.4%) 0.07

Depression (%) 230 (2.8%) 262 (3.2%) 492 (3.0%) 0.14

RA (%) 107 (1.3%) 112 (1.4%) 219 (1.3%) 0.73

Follow-up time (years) 6.7±4.3 6.5±4.2 6.6±4.2 < 0.01*

Notes: Data are presented as N or mean ± standard deviation. *p < 0.05 was considered statistically significant after test. 
Abbreviations: TF, trigger finger; HTN, hypertension; DM, diabetes; CAD, coronary artery disease; CVA, cerebrovascular accident; RA, 
rheumatoid arthritis.
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significant at 1.51 (p = 0.043; Table 2). The risk factors significantly correlated with a higher incidence of CTR were age, 
female sex, prior severe TF, diabetes mellitus, and chronic renal failure (Table 3). We divided all the patients into 
subgroups based on age (>65 years vs <65 years) and sex (male vs female). Patients aged >65 years in the severe TF 
group exhibited a significantly higher risk of CTR than did their counterparts in the nonsevere TF group (aHR = 1.55; 

Table 2 The Risk of Subsequent Severe Carpal Tunnel Syndrome That 
Required Surgical Release (CTR) Among the Patients with Severe and 
Non-Severe Trigger Finger (TF)

TF

Severe Non-Severe

Patient numbers 8232 8232

CTR 60 40

Person-years 53,204 55,082
Incidence ratea 1.1 0.7

Univariate model
Crude HR (95% CI) 1.53 (1.03–2.29) 1 (Ref.)
p-value 0.04*

Multivariate modelb

aHR (95% CI) 1.51 (1.01–2.26) 1 (Ref.)
p-value 0.04*

Notes: aPer 1000 person-years. bMultivariate Cox proportional hazard regression model with 
adjustment for all baseline characteristics shown in Table 1. 
Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; CTS, carpal tunnel 
syndrome, HR, hazard ratio; ref, reference; TF, trigger finger.

Table 3 The Risk Factors Associated with Subsequent Severe Carpal 
Tunnel Syndrome That Required Surgical Release Among the Patients 
with Trigger Finger (TF)

HR (95% CI) p-value

Age 0.97 (0.95, 0.99) 0.02*

Gender (Male vs Female) 0.39 (0.21, 0.71) < 0.01*

TF (Severe vs Non-severe) 1.51 (1.01, 2.26) 0.04*

HTN vs None 0.80 (0.47, 1.36) 0.40

DM vs None 1.58 (1.10, 2.29) < 0.01*

Hyperlipidemia vs None 0.79 (0.43, 1.45) 0.45

CAD vs None 1.15 (0.48, 2.73) 0.75

CVA vs None 1.68 (0.52, 5.45) 0.39

Chronic liver disease vs None 1.71 (0.90, 3.24) 0.10

Chronic renal failure vs None 4.56 (2.22, 9.36) < 0.01*

Depression vs None 1.08 (0.34, 3.42) 0.89

RA vs None 0.69 (0.10, 4.93) 0.71

Notes: Data are presented as HR (95% CI). *p <0.05 was considered statistically significant 
after test. 
Abbreviations: TF, trigger finger; HTN, hypertension; DM, diabetes; CAD, coronary artery 
disease; CVA, cerebrovascular accident; RA, rheumatoid arthritis.
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95% confidence interval [CI]: 1.14–2.10; p = 0.005; aHR = 1.60; 95% CI: 1.04–2.46; p = 0.031, respectively; Table 4). 
The cumulative incidence of CTR was significantly higher in the severe TF group than in the nonsevere TF groups 
(Figure 2).

Table 4 The Age and Gender Subgroup Analysis of Subsequent Severe Carpal Tunnel Syndrome That Required 
Surgical Release (CTR) Among the Patients with Severe and Non-Severe Trigger Finger

Variables Crude HRa (95% CI) p-value Adjusted HRa (95% CI) p-value p for Interaction

Main model

Severe TF 1.00 1.00

Non-severe TF 1.53 (1.03–2.29) 0.04* 1.51 (1.01–2.26) 0.04*

Age 0.764

< 65 y/o
Severe TF 1.00 1.00

Non-severe TF 1.98 (0.36, 10.79) 0.43 2.01 (0.37, 11.01) 0.42
≧65 y/o

Severe TF 1.00 1.00

Non-severe TF 1.63 (1.21, 2.21) < 0.01* 1.55 (1.14, 2.10) 0.01*

Gender 0.764

Male
Severe TF 1.00 1.00

Non-severe TF 1.03 (0.33, 3.21) 0.95 0.99 (0.32, 3.11) 1.00

Female
Severe TF 1.00 1.00

Non-severe TF 1.62 (1.06, 2.49) 0.03* 1.60 (1.04, 2.46) 0.03*

Notes: aCox’s proportional hazards model. *p <0.05 was considered statistically significant after test. 
Abbreviations: CI, confidence interval; HR, hazard Ratio; TF, trigger finger.

Figure 2 The proportion of subsequent carpal tunnel requiring surgical release of the TF-OP group and the TF-NOP group. *A value of p < 0.05 was considered statistically 
significant after test.
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Discussion
Our results indicate that the incidence of CTR increased after postoperative year 1 among patients receiving release surgery 
within 1 year after the diagnosis of TF, particularly women and patients aged >65 years. Studies have reported that carpal tunnel 
release may be a risk factor for TF.9–23 Raducha et al24 reported that ipsilateral TF occurred in 6.83% of patients undergoing 
carpal tunnel release; by contrast, the incidence of contralateral TF was only 2.7%. TF results from fibrocartilaginous metaplasia 
of the gliding tendon–pulley interface.25 CTS has a similar pathophysiological mechanism to TF. CTS often results from fibrous 
hypertrophy of the synovial flexor sheath.26 The flexor tendon passes through the carpal tunnel and is located distal to the finger 
pulleys; thus, the tendon and pulley may influence each other during wrist or finger motion or after local release surgery. This 
similar pathogenesis may explain the development of CTS concomitant with TF. A pathophysiological model proposed in 2004 
suggested that CTS is the consequence of noninflammatory thickening and fibrosis of the subsynovial connective tissue in the 
carpal tunnel.27 Hosseini-Farid et al28 also reported that the shear contributed by the tendon and subsynovial tissue excursion is 
related to CTS. TF release may alter tendon excursion forces, increasing the likelihood of CTS development.22 A genome-wide 
association study in the UK Biobank prospective cohort also discovered that the DIRC3 locus on chromosome 2 may be 
significantly associated with both CTS and TF and suggested a model in which IGF-1 may be a driver of both diseases.29 The 
genetic data support the similar pathophysiological mechanism between these two pathologies.

We discovered that diabetes mellitus and chronic renal failure were significant risk factors for CTS requiring surgery 
among patients with TF (Table 3). Geoghegan et al16 noted that diabetes mellitus, previous musculoskeletal diseases, and 
female sex are risk factors for CTS. Otsubo et al17 reported that 90% of patients who require long-term dialysis experience 
CTS, possibly because of amyloid deposition in the carpal tunnel. An increase in β-2-microglobulin levels in patients 
undergoing long-term hemodialysis may result in secondary amyloidosis, leading to CTS.22 Patients with diabetes mellitus 
may also experience chronic renal failure induced by hemodynamic or metabolic pathways.23 Both of these conditions can 
directly or indirectly contribute to neuropathies such as CTS. Peripheral edema is common among patients with diabetes 
mellitus or chronic renal failure and may cause flexor tenosynovitis, thereby leading to median nerve compression within the 
carpal tunnel.

Sex and age are common predictors of CTS.18–20 Becker et al18 determined female sex, age, and obesity to be risk 
factors for CTS. Moghtaderi et al20 also discovered female sex to be a risk factor for CTS. In the subgroup analysis in 
this study, we observed that patients who underwent TF surgery were more likely to develop CTS requiring surgery than 
were those who did not, even among the subgroups of female patients and patients aged >65 years. Alteration of the 
gliding mechanism of the flexor tendon after TF release may influence the space of the median nerve in the carpal tunnel 
and cause further compression of the nerve among patients at a high risk of CTS. For patients with risk factors for TF and 
CTS, flexor tendon rehabilitation and living or working condition adjustments may be critical after TF surgery.

Our study has some limitations. First, we did not include detailed data on the related symptoms, such as pain, 
paresthesia, or the degree of muscle atrophy, or the detailed electrophysiological findings because Taiwan’s National 
Health Insurance Research Database does not include these data; these factors may have some influence on the 
development of severe CTS. Second, although we demonstrated the correlation of severe TF that required surgical 
release with the development of severe CTS that required CTR, we did not include patients with CTS who did not 
undergo surgery as a less-severe group, which would be a linking point between the groups analyzed in this study. Third, 
we could not assess patients’ working conditions, which may affect the incidence of CTS and TF. Despite these 
limitations, our study still elucidated the incidence of CTR at 1 year after surgery for severe TF. Because our study 
was a longitudinal nationwide cohort study and we applied PSM, our results are robust. Alteration of distal flexor tendon 
motion and gliding caused by A1 pulley incision may influence the proximal flexor tendon and further affect the carpal 
tunnel, thereby causing CTS. The findings deepen our understanding of the relationship between TF and CTS in the 
Taiwanese population and support a model of shared pathophysiology between TF and CTS. We will investigate the 
rehabilitation programs and adjustments for living or working conditions that may be beneficial after surgery for severe 
TF to prevent further complication, and we will also examine the molecular-level and genetic correlations between the 
pathologies and their surgical interventions.
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Conclusion
Severe TF (requiring surgery within 1 year) may be associated with an accelerated onset of severe CTS (requiring surgery), 
especially in women and patients older than 65 years, compared with nonsevere TF (not requiring surgery within 1 year). 
Diabetes mellitus and chronic renal failure may be additional risk factors. The study findings inform clinicians of future 
pathologies and complications in patients with TF and may be helpful in the patient management and consultation. Preventive 
protocols should be developed for patients requiring surgery for severe TF who are at high risk for further complications.
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