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Long-Term Follow-Up Results of Mechanical Wrist Traction as Non-Invasive Treatment for Carpal Tunnel Syndrome
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Background: For patients with carpal tunnel syndrome (CTS), the only long-term effective treatment option is carpal tunnel release surgery. Up to one-third report recurrent symptoms, and 12% needs repeated surgery. This study aimed to evaluate the long-term effects of mechanical traction as a non-invasive treatment option for CTS compared to care as usual.

Methods: Patients with electrodiagnostically confirmed CTS [N = 181; mean age, 58.1 (13.0) years; 67% women] were recruited from an outpatient neurology clinic in the Netherlands. Patients completed baseline questionnaires and randomized to the intervention group (12 treatments with mechanical traction, twice a week for 6 weeks) or care as usual. The primary clinical outcome measure was surgery during the 12-month follow-up. Secondly, we assessed symptom severity with the Boston Carpal Tunnel Questionnaire (BCTQ) at baseline and at the 12-month follow-up. Changes in CTS symptom severity between baseline and the 12-month follow-up were analyzed between groups using t-tests and a multiple linear regression analyses, adjusting for duration of complaints, age, gender, and symptom severity at baseline.

Results: At the 12-month follow-up, 35 of 94 (37%) patients in the intervention group had surgery, compared to 38 of 87 (44%) in the care-as-usual group ([image: image] = 0.78, p = 0.377). Symptom severity and functional status scores did not significantly differ between the intervention (n = 81) and care-as-usual group (n = 55) at follow-up. For patients who did not have surgery, BCTQ scores decreased significantly more from baseline to the 12-month follow-up in the intervention group (n = 53) compared to patients in the care-as-usual group (n = 25). For patients who did not have surgery, belonging to the intervention group and a higher BCTQ score at baseline were related to a greater decrease in BCTQ scores from baseline to the 12-month follow-up, as well as symptom severity and functional status.

Conclusions: Mechanical traction is effective in reducing symptom severity compared to current conservative treatment options in standard care and can therefore benefit the large number of patients that prefer conservative treatment for CTS.

Clinical Trial Registration: Clinical Trials NL44692.008.13. Registered 19 September 2013, https://clinicaltrials.gov/ct2/show/NCT01949493
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INTRODUCTION

For patients with carpal tunnel syndrome (CTS), the only long-term effective treatment option is carpal tunnel release surgery (1). However, several disadvantages of receiving this surgery have been reported, such as surgery complications, suffering from sustained surgery-related pain, and weakness in the hands (2). In up to 30% of patients who underwent surgery, these symptoms can persist or recur, or patients may experience complications from surgery (3, 4). Up to 12% of patients require reoperation (3). Therefore, many patients postpone or opt out of surgery and turn to conservative treatment options. These treatment options are non-surgical and less invasive and can include exercise and mobilization interventions, oral non-steroidal drugs, corticosteroids (injections), and splinting (5–9). However, there is only short-term or limited evidence for the effectiveness of these interventions. Thus, there is a clear need for evidence of possible long-term benefits of an alternative, preferably non-invasive, therapy for CTS.

We have previously evaluated the short-term effect of mechanical traction as a non-invasive treatment option for CTS compared to care as usual in a randomized controlled trial (10). Results showed that patients receiving care as usual had an increased risk (2.3-fold risk) of having carpal tunnel release surgery compared to patients who were treated with mechanical traction at the 6-month follow-up. Furthermore, in both groups (care as usual and patients treated with mechanical traction), the symptom severity decreased significantly over time from baseline to the 6-month follow-up. The long-term effects, however, have not yet been reported.

The current study aimed to investigate the number of patients who had surgery at the 12-month follow-up in both the intervention and the care-as-usual groups. The secondary outcome was to evaluate the possible differences in CTS complaints between the intervention and care-as-usual groups. These differences were examined in all patients at follow-up as well as in a subgroup of patients who did not have surgery.



MATERIALS AND METHODS


Participants

Patients with a diagnosis of CTS were recruited for the current study. The outpatient neurology clinic of VieCuri Medical Center in Venlo and Venray, the Netherlands, recruited patients from October 2013 to April 2015. We invited male and female patients between the ages of 18 and 80 who were diagnosed with CTS by means of electrodiagnostic testing to participate in the current study. Inclusion and exclusion criteria and invitation of eligible participants are described in detail elsewhere (11).



Procedure

The research staff (MM) interviewed patients after they were included in the study, and patients completed paper-and-pencil questionnaires.

Next, 181 patients were included in the study and subsequently randomized into two groups: the mechanical traction intervention (n = 94) or care as usual (n = 87). The randomization procedure was previously described in detail elsewhere (11). The patients completed questionnaires at baseline and at the 3-, 6-, and 12-month follow-up. There were significantly more dropouts in the care-as-usual group (37%, n = 32) compared to the intervention group (14%, n = 13; [image: image] = 12.7, p < 0.001, V = 0.27). There were no significant differences in baseline characteristics between patients who dropped out (n = 45) at 12 months and those who did not (n = 136).


Intervention: Phystrac Mechanical Traction Therapy

The intervention group received Phystrac mechanical traction therapy consisting of 12 treatment sessions (twice a week for a total of 6 weeks). Patients received treatment with the Phystrac mechanical traction device (type GR 10), which offers mechanical traction to the wrist using weights that range between 1 and 18 kg. Per affected hand, each session takes ~10–15 min to complete. The weight was set at 7 kg for men and 5 kg for women during the first session and increased with 2 kg for men and 1 kg for women for each consecutive session. This continued until a total of 13 kg for men or 10 kg for women was reached, or until the patient considered the mechanical traction to be uncomfortable. In general, 12 treatments with mechanical traction are considered sufficient for most patients. If CTS symptoms were not effectively reduced after 12 treatments with mechanical traction, patients could subsequently receive care as usual.



Control Group: “Care as Usual”

The control group received “care as usual.” Patients received standard treatment from their usual health care provider. They received treatment such as a wrist splint, local corticosteroid injections, or carpal tunnel release surgery. Patients and health care providers could also adopt an expectant approach. During the entire length of the study period, the types of treatment that patients from both groups obtained were documented using questionnaires and examination of their medical records.




Outcome Measures

The primary outcome measure was whether patients had surgery at the 12-month follow-up, which was derived from the patients' medical records. Therefore, there were no missing data for this variable. The secondary outcome measure was long-term self-reported functional status and symptom severity in the two groups, which were measured at baseline and at the 12-month follow-up using the Boston Carpal Tunnel Questionnaire (BCTQ) (12, 13). Participants answered disease-specific items reflecting on a typical 24-h period in the past 2 weeks. The BCTQ has two subscales, namely, the Symptom Severity Scale (SSS) and the Functional Status Scale (FSS). The 11-item SSS assesses symptom severity. For the FSS, patients rate eight daily activities on their level of difficulty. The SSS and the FSS are rated on a 5-point scale. Both the SSS and FSS result in mean scores that range between 1 and 5, with higher scores reflecting greater impairment. The total BCTQ score is calculated as the mean of all items. The BCTQ is a suitable measure for CTS treatment outcome because it is responsive to clinically relevant change (12). The BCTQ is validated and is frequently used in studies with CTS symptom improvement over time (1), also in the Netherlands (14, 15).

A mean difference of 0.5 from before to after a possible intervention is regarded as the minimal clinical relevant difference that can be measured using the BCTQ (12). For the current study, a change of symptom severity between baseline and the 12-month follow-up was used as outcome variable.



Statistical Analyses

Data are presented as mean ± standard deviation (SD) or percentages. Independent samples t-test and Chi2 tests were used to compare characteristics between groups. The effect sizes of significant differences between groups were evaluated using Cohen's d for t-tests and Cramer's V for Chi2 tests (16). For Cohen's d, 0.2, 0.5, and 0.8 were considered small, medium, and large effect sizes, respectively. For Cramer's V, 0.1, 0.3, and 0.5 were considered small, medium, and large effect sizes, respectively, for df = 1. After excluding patients who dropped out at the 12-month follow-up, changes in symptom severity and functional status were analyzed using BCTQ scores in the remaining sample (n = 136). Subgroup analyses were performed assessing changes in BCTQ scores in a subgroup of patients who did not receive surgery at the 12-month follow-up (n = 74). A multiple linear analysis was conducted to assess the impact of group (1 = intervention, 2 = care as usual) on the change in BCTQ scores from baseline to the 12-month follow-up. Age, gender (1 = male, 2 = female), duration of complaints (0 = 3 years or longer, 1 = shorter than 3 years), and BCTQ scores at baseline were added as covariates. The following assumptions of multiple regression analysis were checked: linear relationship, homoscedasticity, normality of distribution of residuals, and multicolinearity. Statistical analyses were performed using the Statistical Package of Social Science (SPSS, 25.0).




RESULTS


Primary Outcome Measure: Effects of Mechanical Traction on Surgery During the 12-Month Follow-Up After Inclusion

At the 12-month follow-up, 35 of 94 (37%) patients in the intervention group had surgery, compared to 38 of 87 (44%) in the care-as-usual group ([image: image] = 0.78, p = 0.377). Kaplan–Meier survival curves showed no significant group differences over time.



Secondary Outcome Measure: Symptom Severity and Functional Status at the 12-Month Follow-Up

At the 12-month follow-up, symptom severity and functional status scores did not significantly differ between the intervention (n = 81) and care-as-usual groups (n = 55). BCTQ scores decreased in both the intervention and care-as-usual groups [−0.95 (0.78) and −0.89 (0.83)], respectively. There was no significant difference in change in BCTQ scores between the groups (t = −0.45, p = 0.650).



Subgroup Analyses in Patients Who Did Not Receive Surgery

We subsequently compared change in symptom severity and functional status from baseline to the 12-month follow-up in patients of the intervention group who did not have surgery (n = 53) with the change in symptom scores of patients in the care-as-usual group who did not have surgery (n = 25).

The baseline characteristics of this subsample are shown in Table 1. No significant differences were found between the intervention and care-as-usual group. However, at the 90% significance level, patients in the care-as-usual group were more often male (χ2 = 3.25, p = 0.071, V = 0.20) while patients in the intervention group reported regular alcohol intake more often (χ2 = 3.05, p = 0.081, V = 0.20). Also, at baseline, patients in the care-as-usual group [2.53 (0.73)] had lower SSS scores at a 90% significance level compared to the intervention group [2.88 (0.84)] (t = 1.81, p = 0.07, d = 0.44). In the intervention group, two patients received a steroid injection during the 12-month follow-up, and two patients had physical therapy. In the care-as-usual group, two patients received a steroid injection. At the 12-month follow-up, 12 patients in the intervention group used a wrist splint regularly at night, compared to nine patients in the care-as-usual group.


Table 1. Baseline characteristics of the 78 participants who did not receive surgery at the 12-month follow-up.

[image: Table 1]

In these two subgroups of patients who did not receive surgery, BCTQ scores decreased significantly more in the intervention group compared to the care-as-usual group, as well as for SSS and FSS scores, with a medium–large effect size (see Figure 1; Table 2).


[image: Figure 1]
FIGURE 1. BCTQ, FSS, and SSS scores from baseline to the 12-month follow-up for the intervention and care-as-usual groups, excluding participants who had surgery. BCTQ, boston carpal tunnel questionnaire; FSS, functional status scale; SSS, symptom severity scale.



Table 2. Comparison of the difference in BCTQ scores between baseline and the 12-month follow-up between the intervention and care-as-usual groups, excluding participants who had surgery.
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Linear Regression of Change in SSS, FSS, and BCTQ

To investigate the possible independent effect of belonging to the intervention group (yes/no) on the change in SSS, FSS, and BCTQ scores, three separate multiple linear regression analyses were performed with group, age, gender, duration of complaints, and symptom severity scores at baseline as predictor variables, and the change in SSS, FSS, and BCTQ scores as dependent variables. No violation of assumptions was found.

The first model explained 41.8% of the variance regarding the change in symptom severity from baseline to the 12-month follow-up [F(5,72) = 10.65, p < 0.001]. Belonging to the intervention group and a higher SSS score at baseline were significantly and independently related to a greater decrease in SSS scores from baseline to the 12-month follow-up (see Table 3, model 1).


Table 3. Results of the multiple linear regression analysis predicting change in SSS (model 1), FSS (model 2), and BCTQ (model 3) scores.

[image: Table 3]

The second model explained 53.0% of the variance regarding the change in functional status from baseline to the 12-month follow-up [F(5,72) = 16.25, p < 0.001]. Belonging to the intervention group and a higher FSS score at baseline were significantly and independently related to a greater decrease in FSS scores from baseline to the 12-month follow-up (see Table 3, model 2).

The third model explained 45.5% of the variance regarding the change in BCTQ scores from baseline to the 12-month follow-up [F(5,72) = 12.01, p < 0.001]. Belonging to the intervention group and a higher BCTQ scores at baseline were significantly and independently related to a greater decrease in BCTQ scores from baseline to the 12-month follow-up (see Table 3, model 3).




DISCUSSION

The current study assessed the 12-month follow-up effects of mechanical traction for CTS patients compared to those receiving care as usual. Results showed that at the 12-month follow-up, there was no significant difference between the number of patients who had surgery in the intervention and care-as-usual group (37 and 44%, respectively). Moreover, symptom severity did not significantly differ between the intervention (n = 81) and care-as-usual group (n = 55) at follow-up. However, in the subsample of patients who did not have surgery at the 12-month follow-up, patients in the intervention group had a greater decrease in symptom severity from baseline to the 12-month follow-up compared to patients in the care-as-usual group. Lastly, belonging to the intervention group and symptom severity scores at baseline were significant predictors for the change in symptom severity scores within the group of patients who did not have surgery.

Evidence for the long-term effects (≥12 months) of conservative treatment on CTS symptom severity is scarce. A few studies have reported long-term results of splinting or steroid injections (17). Jarvik et al. (18) showed that the symptoms of surgery patients improved more than those who received conservative treatment (anti-inflammatory drugs, hand therapy, and ultrasound therapy). Both surgical and non-surgical groups improved over 12 months, but the decrease in CTS symptoms was significantly greater at the 12-month follow-up for patients who had surgery. However, the differences were small and of moderate clinical relevance. Another study by Fernández-de-Las Peñas et al. (19) compared surgery to physical therapy and showed that both groups had similar improvements in symptom severity at the 12-month follow-up. Both studies analyzed according to intention-to-treat, which makes it difficult to distinguish specific treatment effects.

In the current study, the change in symptoms severity (−1.07) and functional status (−0.75) in the intervention group is more than the minimal clinical relevant difference of 0.5 that can be measured using the BCTQ (12).

At the 12-month follow-up, 40% of all patients had surgery in the current study. Generally, more than half of patients with CTS try to avoid surgery (19). Most patients prefer non-invasive treatment options because of the recovery time after surgery and the chance of complications and recurrent symptoms. Patients and physicians can have several motives for choosing conservative treatment, such as patient's age, symptom severity, pregnancy, and the presence of comorbidities (20–23). The current study shows that mechanical traction is a conservative treatment option with promising long-term effectiveness.

Strengths and limitations of the current study have previously been discussed (11). One of the limitations is the lack of an objective indicator of improvement. The effectiveness of the interventions was not based on an objective measure such as electrodiagnostic testing but based on the patients' perception of symptoms. However, nerve conduction improves after intervention, but only moderately correlates to patient-reported symptom improvement (24). Therefore, electrodiagnostic testing is not sensitive enough to evaluate clinical change following intervention. Most studies use patient reported outcomes to evaluate treatment effect, such as the BCTQ, which is highly validated and sensitive to clinical change (12, 14, 18). Additionally, of the patients in the care-as-usual group who did not have surgery, 25 (51.0%) responded at the 12-month follow-up, compared to 53 (89.8%) in the intervention group. This could possibly lead to a response bias, where patients who do not have any symptoms fail to respond. We therefore compared baseline characteristics between the remaining patients in the intervention and control groups. Patients in the intervention group were more often male and reported a higher symptom severity at baseline at the 90% significance level. Moreover, symptom duration is associated with a negative outcome of conservative management (18). Therefore, these variables were adjusted for in the multiple linear regression analyses.

The intervention in the current study consisted of a 10- to 15-min session of mechanical traction per hand, twice a week during a period of 6 weeks. Future research should use a design with even longer follow-up, with special focus on symptom evaluation in the care-as-usual group to decrease the relatively high dropout. The mechanism for the effectiveness of mechanical traction treatment for CTS is still unknown. We expect that traction applied to the wrist reduces pressure in the carpal tunnel by improving blood microcirculation and reducing edema in the synovial tissue (9, 25). Future studies should focus in more detail (e.g., ultrasound) what the possible working mechanisms could be of mechanical traction. Also, it is a matter of speculation whether another intervention of 6 weeks after the 12-month follow-up in those with still higher symptom severity scores could even further improve treatment outcome. Mechanical traction is non-invasive, low in costs, and acceptable for CTS patients.



CONCLUSIONS

For patients who do not opt for surgery, mechanical traction can be effective at reducing symptoms severity compared to current conservative treatment options in standard care. Mechanical traction can therefore benefit a large number of patients that prefer conservative treatment for CTS. Future studies should investigate the working mechanism and cost-effectiveness of (repeated) mechanical traction and identify possible patient subgroups that specifically benefit from mechanical traction.
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