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ABSTRACT 

Background  

Following surgical repair of the triangular fibrocartilage complex (TFCC), a rehabilitation program is 
usually advised. Early active mobilization may theoretically promote stronger ligament healing with 
fewer limitations during immobilization, more convenience during early rehabilitation, and a faster 
return to work than longer immobilization. However, no evidence for early active mobilization on these 
outcomes is available, and in theory, shorter immobilization might also lead to worse pain and hand 
function outcomes. 

Aim 

The aim of this study was to investigate whether an early active mobilization protocol after open TFCC 
repair is non-inferior to long-term wrist immobilization at 3 months after surgery in terms of pain and 
hand function.  

Methods 

This retrospective, multicenter cohort study with propensity score matching (PSM) compared early 
active mobilization (active rotation within the first week) with long-term immobilization (active rotation 
after 6 weeks), using ongoing routinely collected data collected between March 2017 and March 2022 
with a year follow-up. Patients in both groups wore a long wrist splint 24 h/d for 6 weeks. The Patient 
Rated Wrist/Hand Evaluation (PRWHE) was used to measure pain and hand function at 3 months. 
Secondary outcomes were PRWHE at 12 months; Patient-Specific Function Scale, grip strength, and 
active range of motion at 3 and 12 months; and return to work and complications within the first year. 

Results 

Of the 197 eligible patients, 104 could be matched using PSM and were included. PRWHE scores 
following an early active mobilization protocol were non-inferior compared with a long-term 
immobilization protocol. Furthermore, non-inferiority was found in all secondary outcomes on pain, 
hand function, AROM, and grip strength. Additionally, no differences were found in return to work and 
complication rate. 

Conclusion and key findings 

In conclusion, the findings of this study suggest that an early active mobilization protocol is non-
inferior to longer immobilization in terms of pain and hand function, and it does not lead to more 
complications. A future randomized clinical trial using an adequate sample size is required to confirm 
these findings. 

Keywords: Triangular fibrocartilage complex; Open reinsertion; Rehabilitation; Early active 
mobilization; Wrist  



 
Peters, S.T.                          Is early active mobilization after open TFCC repair non-inferior to longer immobilization?  

5 

INTRODUCTION 

The triangular fibrocartilage complex (TFCC) is the main stabilizer of the distal radioulnar 
joint.1–3 Traumatic disruption may lead to instability of the distal radioulnar joint and is a 
common cause of ulnar-sided wrist pain. The onset of symptoms can be presented months or 
years after the initial trauma. Problems with push-ups, decreased grip strength, and impaired 
hand function are commonly associated with TFCC lesions.4–8 These symptoms may cause a 
reduction in participation in daily activities such as work or sports. 

Initial management of TFCC lesions commonly consists of splinting and wrist exercises.3,6,9 If 
symptoms persist or reoccur, surgical repair of the TFCC can be considered.3,6,9–12 After 
surgical repair, a rehabilitation program is usually advised.13–15 While previous studies have 
focused on comparing outcomes between open and arthroscopic TFCC repair, little attention 
has been paid to the rehabilitation program.15,16 There is limited evidence and many 
variations on this topic, primarily based on protocols described in surgical procedure 
research.5,6,11,12,15,17–20 In these studies, the immobilization after surgery varies between 6 and 8 
weeks5,6,11,12,17–20, and active range of motion (AROM) towards pronation and supination 
initially starts between 4 and 6 weeks.5,6,11,17–20 Within these protocols, AROM towards 
pronation and supination will subsequently be initiated once sufficient ligament strength is 
reached based on the different phases of soft tissue healing. Decreasing the risk of 
complications such as ligament re-rupture.5,15,21  

However, Feitz et al.6 suggested that the rehabilitation protocol can incorporate early active 
mobilization toward supination. Recent studies have shown that initiating early active motion 
and stress potentially results in stronger ligament healing, as, for instance, observed in 
anterior cruciate ligament (ACL) surgery.15,21,22 Biomechanically, the TFCC comprises well-
vascularized ligaments with a high potential for healing following surgery.12,15,23,24 Therefore, 
early active rotation may theoretically promote stronger ligament healing, comparable to ACL 
surgery.15,21,22 Hypothetically, this might lead to fewer limitations in daily life during 
immobilization, more convenience during early rehabilitation, and a faster return to work 
(RTW). However, no evidence for early active rotation on these outcomes is available, and in 
theory, shorter immobilization might also lead to worse pain and hand function outcomes 
because it can potentially disrupt the healing process through overload, increasing the risk of 
tendon irritation, continued instability, or even re-rupture. Therefore, more research is 
needed to ensure that early active mobilization after TFCC repair is safe and results in at least 
comparable pain and hand function outcomes.  

Therefore, the aim of this study was to investigate whether an early active wrist rotation 
protocol after open TFCC repair is non-inferior to long-term wrist immobilization 3 months 
after surgery in terms of pain and hand function. The secondary outcomes in this study 
include pain and hand function at 12 months, AROM and grip strength at 3 and 12 months, 
and RTW and complications within the first year after surgery.  
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METHODS 

Study design and setting 
This multicenter retrospective cohort study uses propensity score matching (PSM) and is 
based on ongoing routinely collected data of patients who underwent open TFCC repair. The 
study is reported following the Strengthening the Reporting of Observational Studies in 
Epidemiology statement.25 By stratifying patients treated in two different periods with 
different postoperative guidelines, we compared early active mobilization toward rotation 
with 6 weeks of immobilization. The Medical Research Ethical Committee of the Erasmus MC 
Rotterdam approved this study, and written informed consent was obtained from all patients.  

Data were collected on a consecutive cohort of patients who underwent open TFCC repair 
between March 2017 and March 2022 with a one-year follow-up at Xpert Clinics and Xpert 
Hand Therapy, The Netherlands, a multicenter clinic specialized in hand surgery and therapy. 
All hand surgeons at Xpert Clinics are certified by the Federation of European Societies for 
Surgery of the Hand or fellowship trained, with experience levels ranging from III to V.26 After 
their first consultation with a hand surgeon, all patients who underwent TFCC repair were 
invited to be part of a routine outcome measurement using GemsTracker electronic data 
capture tools.27 Upon agreement, they receive secure web-based questionnaires before and 
at 3 and 12 months after surgery. In addition, AROM and grip strength measurements are 
conducted by trained hand therapists before and at 3 and 12 months after surgery. A 
detailed description of the research setting of our study group has been reported 
previously.28,29 

Participants 
Patients were eligible for inclusion if they (1) were above eighteen years old at the time of 
surgery and (2) participated in our rehabilitation program after surgery. Patients were 
excluded if they (1) underwent a major concomitant procedure (e.g., ulnar shortening, 
Brunelli procedure, osteotomy of the radius, and extensor carpi ulnaris loop), (2) did not 
complete the Patient Rated Wrist/Hand Evaluation (PRWHE) questionnaire before surgery, or 
(3) did not complete PRWHE questionnaire at 3 and 12 months after surgery. 

Surgical procedure 
Open TFCC repair surgery was performed under regional axillary or supraclavicular block; all 
surgeons used their preferred method for open TFCC repair. Most surgeons used the 
procedure outlined by Garcia-Elias et al.13 consists of a Bruner incision of the fifth 
compartment's dorsal and volar sheaths. Foveal reattachment was obtained by reinsertion of 
the cartilage disc to the distal ulna with a bone anchor (MITEK; Raynham, Massachusetts, 
USA; JuggerKnot Soft Anchor; Zimmer Biomet, Warsaw, Indiana, USA). Before insertion of the 
bone anchor, the surface of the cartilage of the distal ulna was roughened with a rongeur or 
dental hook to facilitate adhesion formation and reinsertion.6,13,30 
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Rehabilitation 
For both groups, the routine postoperative immobilization protocol consisted of a double-
slab Plaster-of-Paris cast for 3-5 days, followed by a long below-elbow volar thermoplastic 
wrist splint that was worn 24 h/d (an above elbow Munster splint was used if requested by 
the surgeon before October 2020) for 6 weeks, allowing some rotation during 
immobilization.31 After 6 weeks, the splint was phased out and worn protectively until 12 
weeks. Patients in both groups were offered postoperative therapy at our clinic 2-3 times per 
week and home exercises (6-8x per day) immediately following surgery, aiming to improve 
wrist and finger AROM and wrist coordination, strength, and stability. Tendon-gliding 
exercises were started immediately in both groups, and after 2 weeks, sutures were 
removed, initiating scar treatment. 

Longer immobilization group 
In the longer immobilization group, active mobilization exercises toward wrist flexion and 
extension were initiated after 2 weeks. While active mobilization exercises for wrist rotation 
and wrist exercises for coordination, strength, and stability were started after 6 weeks. 

Early active mobilization group 
In the early active mobilization group, active mobilization exercises towards flexion, 
extension, and supination were initiated until 30° within the first week. After 2 weeks, full 
wrist flexion and extension exercises were initiated, while supination exercises were initiated 
until 50° of rotation. Exercises in full supination and pronation until 30° were initiated after 4 
weeks, while exercises with full pronation were initiated at 6 weeks. Additionally, wrist 
exercises for coordination were started after 4 weeks and wrist exercises for strength and 
stability were started after 6 weeks. 

In both groups, if there was a delay in the AROM of wrist rotation, passive mobilization 
techniques were initiated during therapy sessions after 3 months. Table 1 summarizes the 
entire postoperative rehabilitation protocols of both groups.  

Because of the observational design of this study, the postoperative treatment was not 
completely standardized. However, the hand therapists carried out the same protocolized 
postoperative regimen following strict guidelines. Before October 2020, the rehabilitation 
protocol with longer immobilization was followed, while the rehabilitation protocol with early 
active mobilization was introduced in October 2020. All hand therapists were informed by all 
communication applications when the new postoperative rehabilitation protocol was 
introduced. To ensure that the new rehabilitation protocol was adopted, a 4-month washout 
period was created. Consequently, patients were included in the longer immobilization group 
from March 2017 to June 2020 and in the early active mobilization intervention group from 
November 2020 to March 2022. We manually reviewed all medical records to ensure 
adherence to the prescribed postoperative protocol. A more than 2 weeks deviation from the 
suggested postoperative protocol was considered non-compliance.  



 
 

Table 1. Postoperative rehabilitation protocols 
 Longer immobilization group (before October 2020)  Early active mobilization group (since October 2020) 
Day 0 -A double-slab Plaster-of-Paris cast is applied after surgery 

-Start TGE fingers and thumb 
Day 0 -A double-slab Plaster-of-Paris cast is applied after surgery 

-Start TGE fingers and thumb 
Week 1-2 -(Day 3-5) Removal of bandage and plaster cast 

-(Day 3-5) Long below elbow thermoplastic wrist splint (day and 
night) or above elbow Munstersplint if requested by the surgeon 
-Start AROM fingers and thumb (TGE, eventually PROM)  
-(Day 10-14) Suture removal and initiation scar management 
 

Week 1-2 -(Day 3-5) Removal of bandage and plaster cast 
-(Day 3-5) Long below-elbow thermoplastic wrist splint (day and 
night) 
-Start AROM fingers and thumb (TGE, eventually PROM)  
-Start AROM supination from neutral until 30° 
-Start AROM wrist flexion and extension until 30° 
-(Day 10-14) Suture removal and initiation scar management 
Warning: no exercises for pronation 

Week 3-4 -Optimizing ROM fingers and thumb (TGE, eventually PROM) 
-Start AROM wrist flexion/extension 
Warning: restrained with max flexion 

Week 3-4 -Optimizing ROM fingers and thumb (TGE, eventually PROM) 
-Full AROM wrist flexion and extension 
-AROM supination up to 50° 
Warning: no exercises for pronation 

Week 5-6 -Intensifying AROM/PROM fingers 
-Intensifying AROM wrist flexion and extension 
-In the case of above elbow Munstersplint, switch to a long below-
elbow thermoplastic wrist splint 
Warning: no exercises for pronation and supination 

Week 5-6 -Intensifying AROM/PROM fingers 
-Intensifying AROM wrist flexion and extension 
-Start AROM radial and ulnar deviation up to 20° 
-Full AROM supination 
-Start AROM pronation up to 30° 
-Start wrist exercises for coordination 
-Phase-out splint, wearing policy protective 
Warning: no intensive endpoint forearm mobilization; No heavy load 
bearing 

Week 7-12 -Start AROM supination and pronation 
-Start wrist exercises for coordination, strength, and stability 
-Increase load bearing and functionality 
-Phase-out orthosis, wearing policy protective 
Warning: no intensive endpoint forearm mobilization; No heavy load 
bearing 

Week 7-12 -Full AROM supination and pronation 
- Start wrist exercises for strength and stability 
-Increase load bearing and functionality 
-Phase-out orthosis, wearing policy protective 
Warning: no intensive endpoint forearm mobilization; No heavy load 
bearing 

Month 3-6 -Intensify range of motion wrist/forearm 
-Phase-out orthosis during load-bearing activities 
-Optimizing strength, stability, load bearing, and functionality 

Month 3-6 -Intensify range of motion wrist/forearm 
-Phase-out orthosis during load-bearing activities 
-Optimizing strength, stability, load bearing, and functionality 

TGE – Tendon gliding exercises; AROM – Active range of motion; PROM – Passive range of motion; ROM – Range of motion 



 
 

Variables and data sources/measurements 
Demographic variables such as age, sex, type of work, symptom duration, treatment side, and 
hand dominance were collected routinely. We manually reviewed the medical records to 
collect data on initial management, cointerventions, location of the tear, complications, and 
whether the patient and hand therapist adhered to the suggested postoperative protocol at 
our institution. 

Patient-reported pain and hand function  
The primary outcome pain and hand function at 3 months was measured with the Patient 
Rated Wrist/Hand Evaluation (PRWHE).32 The PRWHE is a validated questionnaire comprising 
fifteen questions; five for pain and ten for hand function. The total score ranges from 0 (“no 
pain or dysfunction”) to 100 (“severe pain or dysfunction”), with pain and function subscales 
ranging from 0 ("no pain or dysfunction") to 50 ("severe pain or dysfunction").33 Additionally, 
the Patient-Specific Functional Scale (PSFS) was used to measure individualized patient-
reported functional limitations. Patients completed the PSFS by identifying and scoring three 
to five activities they could not perform or had difficulty with due to their condition. Activities 
were scored on an 11-point scale, with 0 representing “unable to perform” and 10 
representing “able to perform at prior-disease level”.34 Using the mean of item scores, the 
PSFS is a valid questionnaire for within and between-group comparisons.35 

AROM and grip strength 
AROM in degrees was measured with a goniometer following the International Consortium 
for Health Outcome Measurement (ICHOM) guidelines.36 Wrist flexion, ulnar deviation, and 
pronation were reported as positive values, while wrist extension, radial deviation, and 
supination, as negative. Grip strength was measured using an E-LINK Jamar-Style 
dynamometer (Biometrics, Newport, UK); the three trials' mean score was utilized as 
Mathiowetz et al. described.37  

Return to work 
RTW was measured with a self-developed return-to-work questionnaire at 6 weeks, 3, 6, and 
12 months within the subgroup of patients who had paid labor before surgery (Appendix 1). 
RTW was defined as the first time (in weeks) after surgery that the patient performed their 
original work for at least 50% of the contractual hours. This percentage was chosen since 
Dutch labor laws require patients to be able to perform less than 50% of their usual work to 
be allowed any form of compensation.38,39 

Complications 
Complications were scored following the ICHOM Complications in Hand and Wrist 
Conditions tool (ICHAW).40 This tool classifies complications within 12 months after surgery 
into different grades (I-III) based on the required treatment. As suggested by Hoogendam et 
al.41, grade I was defined as an “adverse protocol deviation”, and grade II and III as 
complications.  
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Sample size 
A priori power analysis is different in noninferiority studies using a noninferiority margin, 
which is a predefined threshold representing the maximum allowable difference between two 
treatments. It has been described that defining the noninferiority margin should be based on 
clinical judgment and statistical reasoning.42,43 We used, similar to Tsehaie et al.42, a 
conventional small-to-medium effect size of 0.35, as defined by Cohen44 as a noninferiority 
margin, resulting in a total sample of 82 patients (41 per group) for an F-test with a power of 
0.80 (a 0.05). Due to the nature of PSM, part of the patients will not be matched and thereby 
excluded from the analysis. To account for this, we, similarly to Tsehaie et al.42  doubled the 
sample size. Therefore, a minimal total sample size of 164 patients was needed. 

Statistical analysis 
We used PSM to compare both interventions while adjusting for potential covariates.45–47 We 
used logistic regression to estimate propensity scores, in which treatment status (in this case, 
the type of postoperative rehabilitation regime) is regressed on baseline characteristics.46–48 
We used the baseline characteristics age, sex, dominant side treated, type of work, duration 
of symptoms, and PRWHE total score as covariates based on the factors reported in the 
literature as prognostic factors of PRWHE score and time till RTW following open TFCC 
repair.39,49 Subsequently, we used the propensity scores to match patients on a one-to-three 
basis using a nearest-neighbor algorithm with a matching tolerance width of 0.1 SD of the 
logit of the propensity score.46,48 To examine whether the matching improved the balance 
between the matched treatment groups, between-group differences were analyzed using 
standardized mean differences (SMD). If the SMD was less than 0.2, it was considered a small 
difference between the matched treatment groups. 

We used linear mixed models to compare the change of repeatedly measured outcomes over 
time. The time point, treatment group, and interaction term between the time point and 
treatment group were used as the fixed effect, while the patient was used as the random 
effect. Estimated Marginalized Means, including a 95% confidence interval (CI), were 
calculated for each time point and compared post hoc. Assumptions were checked using 
residual plots and normal probability plots. Furthermore, we performed a Fisher’s exact test 
to study complication differences. An inverted Kaplan-Meier survival analysis was conducted 
within the subgroup of patients who had paid labor before surgery to estimate the 
cumulative RTW within the first year following surgery and calculate the median time until 
RTW. In addition, a Logrank test was used to compare between-group differences in RTW. 
Loss to follow-up will be addressed by censoring the patient.50 

Noninferiority was considered if one bound of the 95% CI lies outside the noninferiority 
margin but an effect size of 0 lies within the other bound. Equality was considered if the 95% 
CI lies within the negative and positive noninferiority margins. A conventional small-to-
medium effect size of 0.35 was used as a noninferiority margin.42,43 
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Missing data were not imputed, as this does not provide additional value to linear mixed 
models.51 We performed a Little's test to investigate whether PRWHE scores at 3 and 12 
months were missing completely at random.52 Additionally, we performed a non-responders 
analysis using independent t-tests, chi-square tests, and a Kruskal-Wallis test to test for 
differences in demographic variables and PRWHE scores at intake between patients who 
completed the PRWHE at 3 and 12 months (responders) and patients who did not (non-
responders). To analyze the differences between responders and non-responders, we used 
SMDs. 

For all analyses, a p-value ≤ 0.05 was considered significant. Statistically significant P-values 
of secondary analyses should be interpreted cautiously as multiple testing increases the 
probability of false positive results. R statistical software (R Project for Statistical Computing, 
Austria) was used to perform all analyses.



 
 

 

 

 

 

 

  

 

Table 2. Baseline characteristics before and after propensity score matching 

 All patients Matched patients 

 Early active 
mobilization 

group 

Longer 
immobilization 

group 
SMD 

Early active 
mobilization 

group 

Longer 
immobilization 

group 
SMD 

n 32 163  28 76  
Age in years, mean (SD) 45.16 (14.40) 40.03 (13.18) 0.371 42.71 (13.41) 40.78 (14.00) 0.141 

Sex, male (%) 10 (31.2) 48 (29.4) 0.039 7 (25.0) 23 (30.3) 0.118 
Duration of symptoms in months, median (IQR) 6.00 (3.88-12.00) 9.00 (5.00-12.50) 0.144 6.00 (3.75-9.75) 8.50 (5.00-12.00) 0.027 

Type of work, n (%)   0.444   0.232 
   Not working (including retired/unable to work) 8 (25.0) 19 (11.7)  5 (17.9) 11 (14.5)  

   Light physical work 12 (37.5) 69 (42.3)  11 (39.3) 37 (48.7)  
   Moderate physical work 10 (31.2) 49 (30.1)  10 (35.7) 21 (27.6)  

   Heavy physical work 2 (6.2) 26 (16.0)  2 (7.1) 7 (9.2)  
Dominant side not treated, n (%) 15 (46.9) 57 (35.0) 0.244 12 (42.9) 32 (42.1) 0.015 

PRWHE total score at intake, mean (SD) 60.38 (15.34) 60.75 (17.33) 0.023 61.25 (14.72) 61.41 (18.38) 0.009 
PRWHE pain score at intake, mean (SD) 32.31 (7.43) 33.12 (8.69) 0.099 32.25 (7.75) 32.61 (9.88) 0.040 

PRWHE function score at intake, mean (SD) 28.06 (10.32) 27.63 (10.54) 0.041 29.00 (9.29) 28.80 (10.50) 0.020 
Arthroscopy findings, n (%*)   0.310   0.264 

Central tear 2 (9.1) 8 (8.0)  2 (9.5) 4 (9.5)  
Lateral tear or foveal detachment 17 (77.3) 71 (71.0)  16 (76.2) 29 (69.0)  

Distal avulsion 0 (0.0) 4 (4.0)  0 (0.0) 1 (2.4)  
Radial tear 3 (13.6) 17 (17.0)  3 (14.3) 8 (19.0)  

SMD – standardized mean differences; SD – standard deviation; IQR – interquartile range; PRWHE – Patient Rated Wrist/Hand Evaluation; * – percentage of the arthroscopic findings 



 
 

 

Figure 1. Flowchart of this study. TFCC – Triangular fibrocartilage complex; PRWHE – Patient Rated Wrist/Hand 
Evaluation 

RESULTS 

A total of 528 patients who underwent TFCC repair were identified between March 2017 and 
June 2020 and between November 2020 and March 2022. After applying the eligibility 
criteria, 195 patients were found to be eligible for inclusion. Due to time constraints, only 32 
patients in the early active mobilization group were eligible for inclusion. After matching, 28 
patients were in the early active mobilization group and 76 in the longer immobilization 
group (Figure 1). The baseline characteristics before and after matching are shown in Table 2. 
After matching, all SMDs were below 0.2, except for the type of work (SMD = 0.232) and the 
location of the tear within the arthroscopy findings (SMD = 0.264). Within the non-responder 
analyses, all SMDs between responders and non-responders were below 0.2, except for sex 
(SMD = 0.334) and the location of the tear within the arthroscopy findings (SMD = 0.239) 
(Appendix 2). The nonsignificant Little's test (P = 0.283) suggests that PRWHE scores at 3 and 
12 months were missing completely at random.



 
 

Table 3. Outcomes for the Patient Rated Wrist/Hand Evaluation (PRWHE) and Patient-Specific Function Score (PSFS). 

 Early active mobilization group Longer immobilization group 3 months 12 months 

 
Intake 
EMMs 

(95% CI) 

3 months 
EMMs 

(95% CI) 

12 months 
EMMs 

(95% CI) 

Intake 
EMMs 

(95% CI) 

3 months 
EMMs 

(95% CI) 

12 months 
EMMs  

(95% CI) 

Δ between 
group 
EMMs 

(95% CI) 

Effect size 
(95% CI) 

Δ between 
group  
EMMs 

(95% CI) 

Effect size 
(95% CI) 

PRWHE           
N (Response rate) 28 (100%) 27 (96%) 19 (68%) 76 (100%) 73 (96%) 57 (75%)     

Total score 
61.0 

(54.11 - 68.0) 
36.7 

(29.7 – 43.8) 
15.6 

(7.57 – 23.7) 
61.4 

(57.2 - 65.6) 
34.4 

(30.2 – 38.6) 
20.0 

(15.4 – 24.7) 
2.3 

(-9.7 – 14.3) 
-0.12 

(-0.56 – 0.31) 
-4.4 

(-18.0 – 9.2) 
0.21  

(-0.23 – 0.64) 

Pain score 
32.2 

(28.5 – 35.9) 
19.2 

(15.4 – 23.0) 
10.0 

(5.7 – 14.3) 
32.6 

(30.4 – 34.8) 
18.7 

(16.4 – 20.9) 
12.0 

(9.5 – 14.5) 
0.5 

(-5.9 – 7.0) 
-0.05 

(-0.49 – 0.38) 
2.0 

(-9.3 – 5.32) 
0.17 

(-0.26 – 0.61) 

Function score  
28.8 

(25.1 – 32.6) 
17.5 

(13.7 – 21.3) 
5.7 

(1.3 – 10.1) 
28.8 

(26.5 – 31.1) 
15.7 

(13.4 – 18.0) 
8.1 

(5.5 – 10.6) 
1.8 

(-4.7 – 8.3) 
-0.17 

(-0.61 – 0.26) 
-2.4 

(-9.8 – 5.0) 
-0.21 

(-0.23 – 0.65) 
PSFS           

N (Response rate) 24 (86%) 24 (86%) 9 (32%) 27 (36%) 27 (36%) 23 (30%)     

Average score 
3.9 

(3.0 – 4.8) 
5.5 

(4.6 – 6.4) 
7.7 

(6.6 – 8.9) 
3.4 

(2.5 – 4.2) 
5.8 

(4.9 – 6.6) 
8.2 

(7.2 – 9.1) 
-0.3 

(-2.1 – 1.6) 
0.08 

(-0.35 – 0.51) 
-0.4 

(-2.5 – 1.7) 
0.12 

(-0.32 – 0.55) 
Significance levels for between group differences at 3 and 12 months were assessed using linear mixed models (Note: there were no significant differences between groups at 3 and 12 months). The response rate is calculated as the number of 
patients who provided data at the specific time point divided by the total number of patients in the subgroups (n=28 & n=76). 
Abbreviations: EMMs – Estimated marginalized means; CI – Confidence level; * Significance level = <0.05 



 
 

Patient-reported pain and hand function 
Outcomes of the PRWHE total score, PRWHE pain score, PRWHE function score, and PSFS are 
presented in Table 3. No significant differences in PRWHE total score were found between 
both groups (Figure 2) at 3 months (effect size, -0.12; 95% CI, -0.56 – 0.31) and 12 months 
(effect size, 0.21; 95% CI, -0.23 – 0.64). The magnitude of the measured effect sizes (<0.35) 
and their confidence intervals indicate noninferiority on the PRWHE total score at 3 and 12 
months after surgery. In addition, noninferiority was found in all outcomes of the PRWHE 
pain score, PRWHE function score, and PSFS. 

 

 

Figure 2. The mean patient-rated wrist/hand evaluation (PRWHE) total score at intake and 3 and 12 months after 
surgery, stratified by intervention group (red = early active mobilization group; blue = longer immobilization 
group). The error bars indicate the 95% confidence interval. The P-values indicate between-group significance. 

 

AROM and grip strength 
All AROM and grip strength effect sizes and their confidence intervals indicated 
noninferiority; Table 4 presents the AROM and grip strength at each time point. 

P = 1.0000 

P = 0.9936 

P = 0.9401 



 
 

 

 

 

Table 4. Outcomes for the active range of motion (AROM) and gript strength. 

 Early active mobilization group Longer immobilization group 3 months 12 months 

 
Intake 
EMMs 

(95% CI) 

3 months 
EMMs 

(95% CI) 

12 months 
EMMs 

(95% CI) 

Intake 
EMMs 

(95% CI) 

3 months 
EMMs 

(95% CI) 

12 months 
EMMs  

(95% CI) 

Δ between 
group 
EMMs 

(95% CI) 

Effect size 
(95% CI) 

Δ between 
group  
EMMs 

(95% CI) 

Effect size 
(95% CI) 

AROM           
N (Response rate) 23 (82%) 21 (75%) 7 (25%) 73 (96%) 61 (80%) 29 (38%)     

Dorsal flexion (°) 
-66.0 

(-70.9 – -61.0) 
-61.9 

(-67.0 – -56.8) 
-69.4 

(-76.8 – -61.9) 
-64.4 

(-67.1 – -61.6) 
-62.6 

(-65.5 – -59.6) 
-71.5 

(-75.3 – -67.7) 
-0.6 

(-8.0 – 9.28) 
-0.05 

(-0.49 – 0.38) 
2.2 

(-10.1 – 14.4) 
-0.11 

(-0.55 – 0.32) 

Palmar flexion (°) 
63.2 

(57.0 – 69.3) 
58.0 

(51.6 – 64.4) 
68.7 

(64.6 – 74.3) 
61.4 

(58.0 – 64.9) 
58.4 

(54.6 – 62.1) 
69.5 

(64.6 – 74.3) 
-0.2 

(-11.2 – 10.4) 
0.02 

(-0.41 – 0.46) 
-0.7 

(-16.5 – 15.0) 
0.03 

(-0.40 – 0.48) 

Supination (°) 
-78.7 

(-84.7 – -72.7) 
-66.2 

(-72.4 – -60.1) 
-76.2 

(-85.7 – -66.6) 
-75.6 

(-78.9 – -72.3) 
-66.6 

(-70.3 – -63.0) 
-78.2 

(-83.0 – -73.5) 
0.4 

(-10.0 – 10.0) 
-0.02 

(-0.46 – 0.41) 
2.1 

(-13.5 – 17.7) 
-0.09 

(-0.52 – 0.35) 

Pronation (°) 
81.8 

(76.9 – 86.8) 
70.1 

(65.2 – 75.0) 
76.7 

(68.5 – 85.0) 
76.9 

(74.3 – 79.6) 
71.2 

(68.3 – 74.2) 
78.2 

(74.1 – 82.3) 
-1.2 

(-9.5 – 7.2) 
0.08 

(-0.35 – 0.52) 
-1.5 

(-14.9 – 11.9) 
0.07 

(-0.36 – 0.51) 

Radial deviation (°) 
-21.1 

(-24.5 – -17.8) 
-12.6 

(-16.0 – -9.1) 
-17.1 

(-22.6 – -11.5) 
-18.8 

(-20.6 – -17.0) 
-16.5 

(-18.6 – -14.5) 
-19.0 

(-21.7 – -16.2) 
4.0 

(-1.9 – 9.8) 
-0.43 

(-0.87 – 0.01) 
1.9 

(-7.1 – 11.0) 
-0.14 

(-0.57 – 0.29) 

Ulnar deviation (°) 
28.3 

(24.4 – 32.2) 
27.4 

(23.3 – 31.5) 
29.8 

(23.2 – 36.4) 
27.8 

(25.7 – 29.9) 
26.2 

(23.8 – 28.6) 
28.5 

(25.3 – 31.8) 
1.2 

(-5.7 – 8.1) 
-0.11 

(-0.55 – 0.32) 
1.3 

(-9.4 – 12.0) 
-0.08 

(-0.51 – 0.35) 
Grip strength           

N (Response rate) 21 (75%) 21 (75%) 7 (25%) 65 (86%) 55 (72%) 29 (38%)     

Affected side (kg) 
24.2 

(19.1 – 29.3) 
21.8 

(16.7 – 26.9) 
30.3 

(23.9 – 36.8) 
24.7 

(21.8 – 27.6) 
25.4 

(22.4 – 28.3) 
32.2 

(28.8 – 35.7) 
-3.6 

(-12.3 – 5.1) 
0.27 

(-0.17 – 0.70) 
-1.9 

(-12.6 – 8.7) 
0.12 

(-0.32 – 0.55) 
Significance levels for between group differences at 3 and 12 months were assessed using linear mixed models (Note: there were no significant differences between groups at 3 and 12 months). The response rate is 
calculated as the number of patients who provided data at the specific time point divided by the total number of patients in the subgroups (n=28 & n=76). 
Abbreviations: EMMs – Estimated marginalized means; CI – Confidence level; * Significance level = <0.05 



 
 

Return to work 
The median time until RTW among patients who had paid labor before surgery was 10 weeks 
(95% CI, 4 – NA) in the early active mobilization group and 7 weeks (95% CI, 4 -12) in the 
longer immobilization group (Figure 3). After a year, the early active mobilization group had a 
cumulative RTW of 73% (95% CI, 42% - 88%), while the longer immobilization group had a 
cumulative RTW of 93% (81% - 98%; Appendix 3). No significant differences were found 
between both groups (P = 0.2). 

 

 

Figure 3. Kaplan-Meier curve for return to work after open TFCC repair in weeks, with 95% confidence intervals 
stratified by intervention group (red = early active mobilization group; green = longer immobilization group). 
Patients at risk (no. at risk) are those who had paid labor prior to surgery but did not return to work. 



 
 

Complications 
Complications and adverse protocol deviations occurred in 36% (10/28) of patients in the 
early active mobilization group, compared to 38% (29/76) in the longer immobilization 
group. There was no significant difference in the occurrence between groups (P = 0.627; 
Table 5). 

Table 5. Complications in the early active mobilization group and the longer immobilization group, scored 
according to the ICHOM Complications in Hand and Wrist conditions (ICHAW) classification, modified and 
derived from Clavien-Dindo (2009) 

Complications; Treatment 

Early active 
mobilization 

group  
(n = 28) 

Longer 
immobilization group  

(n = 76) 
P-value 

Overall 10 (36%) 29 (38%) 0.627 
Grade I* 4 (14%) 14 (18%)  
ECU tendinitis; splinting 1 1  
Adhesions/scar tenderness; hand therapy 2 1  
Irritation suture; conservative 1 1  
De Quervain’s disease; hand therapy 0 2  
Persisting ulnar pain; hand therapy 0 2  
Stiffness; hand therapy 0 5  
Skin defect through cast; conservative 0 1  
Postoperative pain; additional analgesics  0 1  
Grade II† 5 (18%) 9 (12%)  
De Quervain’s disease; corticosteroid injection 1 1  
ECU tendinitis; corticosteroid injection 4 7  
Persisting ulnar pain; corticosteroid injection 0 1  
Grade III A‡ 0 (0%) 0 (0%)  
Grade III B§ 1 (4%) 6 (8%)  
Neuroma distal branch ulnaris; excision 1 0  
Re-rupture; indication for redo-repair 0 1  
De Quervain’s disease; Quervain release 0 1  
Persisting ulnar pain; scopic Wafer procedure 0 1  
Persisting ulnar pain; extensor carpi ulnaris loop 0 1  
Persisting ulnar pain; ulnar shortening 0 2  
Grade III C¶ 0 (0%) 0 (0%)  
    *Any deviation from the normal treatment course without the need for surgical, endoscopic, and radiologic interventions. 
Acceptable therapeutic regimens are extra analgesics and additional hand therapy/ splinting/cast. This grade includes, for 
example, tendinitis, scar tenderness, temporary sensory disturbances, and so forth. 
    †Any deviation from the normal treatment course requiring antibiotics, steroid injections, or other pharmacologic treatment 
not listed in grade I. Also included are wound infections and hematoma’s not needing anesthesia. 
    ‡Any deviation from the normal treatment course requiring minor surgical intervention under local anesthesia (e.g., 
irritating K-wire, suture removal subcutaneously). Also, this includes tendinitis, scar tenderness, persistent pain, and so forth 
not responding to conservative therapy, drugs, or injections. 
    §Major surgical intervention under regional or general anesthesia (e.g., repeat surgery, tenolysis, neurolysis, nerve repair or 
surgery for tendon rupture, breaking of the plate, nonunion, initial prosthesis failure). 
    ¶Complex regional pain syndrome, diagnosed using Budapest criteria, independent of the initiated treatment. 
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DISCUSSION 

This study investigated whether an early active wrist rotation protocol after open TFCC repair 
is non-inferior to long-term wrist immobilization 3 months after surgery in terms of pain and 
hand function. We found that pain and hand function at 3 months were non-inferior between 
groups using the PRWHE and PSFS. Additionally, similar between-group results were found 
for the secondary outcomes of pain and hand function at 12 months, AROM, grip strength, 
RTW, and complications. Suggesting an early active mobilization protocol is non-inferior and 
safe compared to a longer immobilization protocol. 

To our knowledge, this is the first study focusing on rehabilitation, comparing two alternative 
rehabilitation methods following TFCC repair.15 The non-inferior results of this study align 
with the similar outcomes observed in earlier research that compared early active 
mobilization to longer immobilization after a 3-ligament tenodesis procedure and a Weilby-
sling procedure.42,53 Additionally, results on the PRWHE of both groups in this study are 
consistent with previous studies on open and arthroscopic TFCC repair.6,17–20,54 Furthermore, 
comparing complications between studies is difficult due to variations in reporting methods. 
Our study used the ICHAW tool, which is transparent and includes milder complications that 
may have been overlooked in previous studies, yielding higher complication rates.41,55,56 
However, the occurrence of complications in our study aligns with previous research that 
reported complications adequately.16,57,58 This consistency in findings suggests that early 
active mobilization can be a comparable and potentially effective alternative to prolonged 
immobilization. 

Despite similar findings, early active mobilization might benefit the patient by being safe and 
resulting in comparable functional outcomes. As demonstrated by the comparison of above 
and below elbow immobilization following TFCC repair, early active mobilization may result in 
fewer limitations in daily living during the early stage of recovery and higher convenience 
throughout recovery.17 To investigate this hypothesis, future research should include 
outcomes on differences in limitations and convenience throughout this early recovery phase. 
Furthermore, while no significant differences in the median time to RTW were found, it is 
worth mentioning that the initial time to RTW in both groups was shorter than the previously 
reported 12-week period in research on the RTW after TFCC repair.39   

As mentioned earlier, our study found that starting rotation exercises early after TFCC repair 
is safe and does not worsen outcomes. However, the initiation of certain degrees of 
movement was fixed to a rigid timeframe. Adopting a progressive rehabilitation program, 
similar to post-ACL surgery rehabilitation15,22, could potentially yield more significant 
differences in outcomes. This entails transitioning from strict time-framed protocols to a 
progression-based program that gradually increases the difficulty. It is crucial to responsibly 
consider the forces applied to healing ligaments, tissue healing, potential concomitant 
surgery, and individual patient goals.22 However, it is important to interpret this hypothesis 
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with caution, as the safety and effectiveness of this approach in rehabilitation after TFCC 
repair remain uncertain. Further research is needed to establish its safety and efficacy. 

Our study has a few strengths and limitations. First, a notable limitation of this study is that 
we could not meet the estimated sample size for the early active mobilization group due to 
time constraints, leading to reduced statistical power. To mitigate this concern, we matched 
within the PSM on a one-to-three basis. However, due to the limited sample size for the early 
active mobilization group, the results of this study should be interpreted with caution as the 
statistical power may be insufficient to detect significant differences.  

Second, the observational nature of this study may be a limitation since the treatment 
patients received was not fully standardized; to control for this, we manually reviewed all 
medical records of patients who were potentially eligible for inclusion. However, we could not 
check whether patients adhered to the protocol at home or wore their splints according to 
the prescribed schedule. As a result, the potential variation in hand usage and exercise due to 
differing levels of adherence may introduce adherence bias. Nevertheless, the observational 
design of this study is also a strength because the data collected during routine care 
accurately reflects real-world daily care. By stratifying patients based on treatment period and 
adjusting for relevant covariates within the PSM, as identified in the literature as predictors of 
PRWHE score and time until RTW after open TFCC repair, we aimed to mitigate confounding 
by indication and enhance the reliability of our findings.39,49 Unfortunately, due to our study's 
small sample size, we could not obtain a sufficient between-group balance with SMDs below 
0.2 for baseline characteristics, type of work, and the location of the tear. However, according 
to the literature, the location of the tear was not found to be a prognostic factor impacting 
PRWHE scores and RTW after surgery. While the type of work was only identified as a 
prognostic factor influencing the time until RTW.39,49 As a result, an imbalance was observed 
between the groups, with the early active mobilization group having more moderate work 
and the longer immobilization group having more light work participants. This imbalance 
potentially contributed to the observed but not statistically significant difference in median 
time before RTW, favoring the longer immobilization group.  

Lastly, another limitation of this study is missing data. However, we observed no systematic 
differences between responders and non-responders except for SMDs just above 0.2 for the 
covariates sex and location of the tear. In addition, the nonsignificant Little’s test further 
suggests that data were missing completely at random. 

CONCLUSION 

In conclusion, the findings of this study suggest that an early active mobilization protocol is 
non-inferior to longer immobilization in terms of pain and hand function, and it does not 
lead to more complications. A future randomized clinical trial using an adequate sample size 
is required to confirm these findings. 
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APPENDIX  

 

Appendix 1. Return-to-work questionnaire 

Question Answer 

Are you back at work? (1) Yes 

(2) No, because of the hand/wrist problem I am 
currently being treated for 

(3) No, because of something else 

If the patient answers “yes,” the following 5 questions will be asked: 

(1) How many hours per week do you usually work? 

(2) How many hours per week are you currently working? 

(3) How many weeks after your initial surgery did you return to your work? 

(4) Are you currently doing your regular work or are (temporary) adjustments made to your work? 

(5) How many weeks after starting your initial surgery did you return to your original work? 
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Appendix 2. Characteristics and Patient Rated Wrist/Hand Evaluation (PRWHE) scores at intake 
between responders (patients who completed the PRWHE after 3 and months) and non-
responders (patients who did not). 
 Responders Non-responders SMD 

n 65 130  
Age, years (mean (SD)) 41.55 (13.46) 40.53 (13.54) 0.076 

Sex, male (%) 26 (40.0) 32 (24.6) 0.334 
Duration of symptoms, months (median (IQR)) 8.00 [4.00, 12.00] 9.00 [5.00, 13.75] 0.187 

Type of work n (%)   0.123 
   Not working (including retired/unable to work) 8 (12.3) 19 (14.6)  

   Light physical work 26 (40.0) 55 (42.3)  
   Moderate physical work 22 (33.8) 37 (28.5)  

   Heavy physical work 9 (13.8) 19 (14.6)  
Dominant side not treated, n (%) 23 (35.4) 49 (37.7) 0.048 

PRWHE total score at intake (mean (SD)) 60.26 (18.04) 60.90 (16.50) 0.037 
PRWHE pain score at intake (mean (SD)) 32.25 (9.12) 33.35 (8.16) 0.128 

PRWHE function score at intake (mean (SD)) 28.02 (10.63) 27.55 (10.43) 0.045 
Arthroscopy findings, n (%*)   0.239 

Central tear 3 (8.1) 7 (8.2)  
Lateral tear or foveal detachment 29 (78.4) 59 (69.4)  

Distal avulsion 1 (2.7) 3 (3.5)  
Radial tear 4 (10.8) 16 (18.8)  

SMD – standardized mean differences; SD – standard deviation; IQR - interquartile range; PRWHE – Patient 
Rated Wrist/Hand Evaluation; * – percentage of the arthroscopic findings 

 

Appendix 3. Outcomes for the cumulative return to work. 

 
Early active mobilization 

group 
Longer immobilization 

group 

 
Number at 

risk† 

Cumulative 
return to 

work 

Number at 
risk† 

Cumulative 
return to 

work 

Intake 21 - 56 - 

3 months 7 
66% 

(36% - 82%) 
23 

68% 
(52% - 78%) 

12 months  2 
73% 

(42% - 88%) 
3 

93% 
(81% - 98%) 

†Patients at risk (number at risk) are those who had paid labor prior to surgery but did not return 
to work. 

 


