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Objectives   This study aims to explore the trajectories of return to work (RTW) and examine the predictors of 
different trajectories among workers following traumatic limb injury. 
Methods   A total of 804 participants were recruited during hospital admission for a 2-year prospective study. The 
RTW outcome was repeatedly assessed at 1, 3, 6, 12, 18, and 24 months after the injury. A group-based trajectory 
model (GBTM) was employed to identify trajectories of RTW among the participants. Comparisons of group 
characteristics of different trajectories were performed based on a multinomial logistic regression. 
Results   GBTM identified three distinct trajectories of RTW: (i) fast RTW consisted of workers with early and 
stable RTW status from the first month after the injury; (ii) average RTW consisted of workers who achieved and 
remained at a stable RTW status within 6 months; and (iii) slow RTW consisted of workers who had slow and 
unsustainable RTW status within the 2-year follow-up period. The estimated proportions were 21.5%, 50.7%, and 
27.8%, respectively. Workers with slow and unsustainable RTW after injury were found to be older, married, less 
educated, employed as repair personnel/operators/laborers, seriously injured, and depressed; they were also found 
to feel more disturbance in daily life, have lower self-efficacy, and believe they experience a poorer quality of life. 
Conclusion   Following traumatic limb injury, individual workers showed three distinct RTW trajectories, each 
of which was associated with different categories of biopsychosocial factors. An understanding of how different 
factors contribute to increasing the likelihood of RTW for injured workers in each trajectory group should aid 
policy-making in worker-oriented vocational rehabilitation programs.

Key terms   disability; health; international classification of functioning; Taiwan; vocational rehabilitation. 
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Traumatic limb injury is a leading cause of work dis-
ability (1). The upper and lower extremities are the most 
commonly injured sites in motor vehicle accidents and 
occupational accidents (2–4). In the US, the number 
of lost working days associated with these injuries is 
estimated to be about 60 million, and lost productivity 
is estimated to cost over $7.5 billion annually (2). After 
returning to their former jobs, however, many survivors 
of severe injuries are able to achieve a quality of life 

(QOL) comparable with the normal population (5). 
Given that return to work (RTW) is one of the major 
goals for rehabilitating injured workers, it is important 
to identify early prognostic factors associated with a 
greater risk of no RTW in order to reduce the personal, 
social, and financial burden of traumatic limb injury. 

Because an orthopedic injury causes not only bodily 
functional impairment but also limitations in daily activ-
ities and social participation related to the impairment, 
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the International Classification of Functioning, Dis-
ability and Health (ICF) framework recognizes the 
complex interaction between its different components: 
body functions, body structures, activities and participa-
tion, environmental factors, and personal factors (6). It 
has been applied as a reference model in a longitudinal 
study of post-injury functioning after multiple injuries 
(7). A recent systematic review also adopted the ICF 
framework to examine the prognostic factors of RTW 
and concluded that younger patients with above average 
self-efficacy and not in receipt of injury compensation 
had a shorter duration of time off work following acute 
orthopedic injury to limbs (8).

To facilitate the likelihood of injured workers’ 
RTW, risk factors that could delay or prevent such an 
outcome need to be identified. Previous studies have 
documented the complex nature of biopsychosocial 
factors associated with RTW outcome among work-
ers with traumatic injuries using various statistical 
methods. In addition to the domains of body function, 
activity, participation, and personal factors of the 
ICF model, the likelihood of RTW is also dependent 
on societies and countries with different healthcare 
systems, work compensation legislation, employment 
status, etc. So far, very few studies have reported on 
the RTW condition following traumatic limb injury in 
non-Western countries (9). 

Previous methods treated RTW outcome as a stable 
end-point and follow-up investigations were seldom 
conducted after the first occurrence of RTW. Such an 
approach is unrealistic in the labor market, for RTW 
might be a transitional status; in short, RTW can be 
temporary. The RTW outcome is not a permanent state 
after the first occurrence of RTW among injured work-
ers. For example, many workers are unable to continue 
work after RTW due to a “secondary injury” or “work 
incapability” after their traumatic limb injury. A couple 
of previous studies recognized this aspect of RTW and 
reported changes of RTW status among workers based 
on follow-up observations up to five years after injury 
(10–11). The latest study also analyzed the predictors of 
RTW according to the RTW status at discharge and at 
one and two years after injury, respectively (10). How-
ever, it is necessary to treat the RTW status of workers in 
terms of a population that contains subgroups of differ-
ent RTW trajectories for high-risk group identification 
and policy-making. 

The aim of this study was to identify distinct RTW 
trajectories during two years of follow-up of traumatic 
limb injuries and to find predictors for distinguishing 
between trajectories. We also examined whether injury 
condition and physical, mental, activity, participation, 
personal, and environmental characteristics at baseline 
may predict the RTW trajectories after traumatic limb 
injury. 

Methods

Participants 

Patients diagnosed with limb injuries and hospitalized 
in the orthopedic and plastic surgery wards in a teach-
ing hospital in Southern Taiwan were consecutively 
recruited for the study. Inclusion criteria were: 20–65 
years of age and hospitalization within 14 days of injury. 
Those unable to read or answer the questionnaires, 
foreign workers, and those with coexisting injuries to 
the central nervous system (ie, traumatic brain injury 
or spinal cord injury) or internal organs were excluded. 
Consecutive cases were collected in the wards from Jan-
uary–December 2009 prospectively for 24 months. The 
ethics committee of the participating hospital approved 
the study; all participants gave their informed consent 
before taking part in the research.

Procedure

Participants answered a baseline questionnaire during 
hospitalization regarding personal data (age, gender, 
marital status, education level), environmental factor 
(insurance coverage), and occupational history (job 
titles and seniority). Medical charts were reviewed for 
the following information: diagnosis, injury dates, date 
of admission and discharge, and causes or mechanisms 
of injury. Each patient’s injury history, self-efficacy of 
RTW, participation in daily life, QOL, and psychologi-
cal symptoms were collected within two weeks of the 
injury. Two trained personnel conducted the follow-up 
survey of RTW status of all participants at 1, 3, 6, 12, 
18, and 24 months after the injury by telephone, mail, or 
face-to-face interview at out-patient clinics.

Measures

The following factors influencing RTW were examined 
in the current study. These factors cover all components 
of the ICF model.

Return to work. The RTW status was a dichotomous 
variable. It was recorded either as “without RTW” or 
“RTW”. Three levels of self-report RTW status were 
collected by trained interviewers: (i) RTW in the same 
job and the same workplace; (ii) RTW in a different 
job but at the same workplace; (iii) RTW at a different 
workplace (12). 

Occupations. There were four categories of occupations. 
“White-collar workers” included managers, profession-
als, technical personnel, salespersons, administrators, 
and service personnel. “Blue-collar workers” were 
divided into two classes: (i) workers in farming/forestry/
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fishing industries and (ii) repairs personnel/machine 
operators/laborers (13). “Part-time job” referred to stu-
dents or persons who worked fewer hours (usually <35 
hours) per week than a full-time job (14). A previous 
study showed that these hierarchical job classes were 
associated with a significant trend in risks of adverse 
health outcomes, where “repair personnel/operators/
laborers” experienced the most elevated risk of adverse 
health outcomes (15). 

Insurance system. Taiwan launched its National Health 
Insurance system in March 1995. This universal health 
program has covered 98.4% of the Taiwanese popula-
tion since 2007 (16). The work compensation system in 
Taiwan is a national program that has insured 8.8–9.4 
million workers (ie, ~55–57% of the worker population) 
in the past 3 years (17). This system provides no-fault 
compensation and temporary partial income replace-
ment if workers are unable to earn wages because of 
sick leave due to occupational injuries or disease (9). 
People can also purchase private health insurance to 
supplement the compensation for their injury episodes. 
Generalization of our study results should be limited to 
societies or countries with healthcare and compensation 
systems that are very similar to Taiwan’s.

Injury energy, injury part, and the length of hospital stay. 
We classified injury energy into high- (eg, vehicular 
trauma or fall from height) or low-energy (eg, cutting, 
crashing, or crushing by the machines) categories. Pre-
vious studies specified that the high-energy category 
usually results in complicated destructive bony injury, 
while the low-energy category rarely does (18). The 
injury parts were grouped according to the presence of 
musculoskeletal involvement for “1 upper limb”, “1 lower 
limb”, “≥2 limbs”, and “limb and other body parts”. The 
length of hospital stay in days was retrieved from medical 
charts. All three measures have been validated in previous 
research as being significant determinants of RTW.

World Health Organization Quality of Life. The World 
Health Organization Quality of Life Assessment (WHO-
QOL-BREF) contains four domains of QOL: physical 
health, psychological health, social relationships, and 
environment (19). It shows good-to-excellent internal 
consistency, test–retest reliability, discriminate valid-
ity, and construct validity in the healthy population 
and different patient groups (20). We administered the 
WHOQOL-BREF to participants two weeks following 
their injury. This information reflects participants’ QOL 
condition shortly after injury.

Depressive symptoms. The 5-item Brief Symptom Rat-
ing Scale (BSRS-5) measures the symptom items of 
anxiety, depression, hostility, interpersonal sensitivity/

inferiority, and insomnia (21). The self-report survey 
requires respondents to answer whether they have felt 
tense, blue, irritated, or inferior, or have had trouble 
falling asleep, which together reflect the personal fac-
tors of the ICF model. The responses of the BSRS-5 are 
rated on a 5-point scale of 0–4, with 0=not at all and 
4=extremely (22–23).

Self-efficacy of RTW. One question adapted to measure 
the self-efficacy of RTW was: “What is the likelihood 
of your returning to work within one month?” The 
respondents gave their estimates from 1 (no chance) 
to 5 (very high). Previous research has demonstrated 
that self-efficacy plays an important role in the RTW 
process, presumably because it is a consequence of the 
interplay of the employment situation, the medical care 
process, and the individual worker’s health and per-
sonal characteristics (24). It is noted that self-efficacy 
is likely to be impacted by the physician’s estimation of 
ability for employment or injury severity. We thought 
it belonged with the personal factor of the ICF model 
because it aims to get a broad and stable sense of per-
sonal competence to deal effectively with a variety of 
stressful situations (25). 

Disturbance in participating in daily life. A 5-point cat-
egorical response to the question, “What has been 
the disturbance in participating in daily life after this 
injury?” was used to measure the disruption to daily life 
as a result of the injury. A higher score indicates more 
“disturbance in participating in daily life” (ie, more 
difficulties adjusting to normal day-to-day activities).

Statistical analysis

Group-based trajectory modeling (GBTM) is a recently 
developed statistical method to “identify distinctive 
features of the population distribution of trajectories” 
(26). The approach is particularly useful in discover-
ing heterogeneous subpopulations. The technique has 
been applied to identify distinct work ability trajecto-
ries (27), but not for RTW. In this study, we used the 
Bayesian information criterion (BIC) to test from 1–6 
trajectories and determine whether each trajectory was 
best fit by intercept only (ie, constant) or by linear, 
quadratic, or cubic terms (28–29). For each number of 
trajectories, the order of the equations was varied until 
a best-fitting model was derived with the use of the 
following formula: 2(ΔBIC)>2 (28). The best model 
was taken as the one with the smallest absolute value 
of the BIC (30). We used the following diagnostic 
criteria to check the adequacy of the model: (i) aver-
age posterior probability of assignment >0.7; (ii) odds 
of correct classification >5; and (iii) estimated group 
probabilities that did not deviate from the proportions 
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of group assignments (26). The homogeneity of each 
identified trajectory was estimated based on 95% con-
fidence intervals (95% CI). 

Furthermore, multiple multinomial logistic regres-
sions were also performed to test whether the base-
line variables may predict the group allocation (26, 
31). The likelihood ratio χ2 statistic was used to test 
model fitness, and the t statistic was used to identify 
any significant effect of the independent variables 
in predicting the group allocation during posterior 
comparisons. Since three RTW trajectories have been 
identified, one multinomial logistic regression equation 
model was used to predict an individual’s probability 
of belonging to a particular trajectory group based on 
variables defined in the ICF framework. The potential 
predictors for every possible pair of RTW trajectory 
groups being compared were examined separately 
(32). In the multiple multinominal logistic regression 
models, a problem of collinearity could arise between 
covariates, producing unreliable estimated regression 
coefficients. To examine this issue, we assessed the 
sizes of regression coefficients and their standard 
errors (SE) obtained from separate individual simple 
regression models and those from the overall multiple 
regression model. We concluded that collinearity posed 
no serious concern to our data analysis strategy, as the 
multiple multinomial logistic model that included all 
baseline variables had estimated regression coefficients 
and estimated SE similar to those found with separate 
individual simple regressions (33). We used the SAS 
software, version 9.1.3 (SAS Institute, Cary NC, USA), 
PROC Traj macro (28–29) for the GBTM, data impu-
tations, and multiple multinomial logistic regression 
modeling. The level of statistical significance was set 
at 0.05 (two-sided) (34).

Results

The characteristics of the 804 injured workers [574 
males and 230 females, with an average age of 42 (stan-
dard deviation [SD] 14.8) years] recruited 14 days after 
traumatic limb injury are reported in table 1. Over half 
of the workers were blue-collar, married, and insured 
with both labor and private compensation, and suffered 
“high-energy” injuries. The average period of hospital-
ization was eight days. 

RTW trajectories

We estimated the group trajectories of the RTW condi-
tion using single-, two-, three-, four-, five-, and six-
group models without including covariates. The small-
est BIC scores (in absolute value) for the significant 

models are shown in table 2: -2116.6 (single-group 
model), -1588.5 (two-group model), -1583.7 (three-
group model), -1551.2 (four-group model), -1594.4 
(five-group model), and -1564.1 (six-group model). 
Although the four-group model had the smallest BIC 
score (in absolute values), the SE of the estimates are not 
stably separable by statistical criteria among different 
combinations with the polynomial function of time (up 
to a third-order polynomial). Therefore, we selected the 
three-group model, consisting of the cubic, quadratic, 
and intercept equation (BIC score -1583.7), as the best-
fitting model. In addition, the average posterior prob-
ability ranged from 0.89–0.93, and the odds of correct 
classification ranged from 13.0– 32.2, which suggested 
that the individual trajectories matched the empirically 
determined groups.

The participants were assigned to different trajec-
tories according to the highest posterior probability of 
membership in each trajectory class. Figure 1 illustrates 
the three trajectory-based categories of traumatic limb 
injuries: (i) fast RTW (21.5% probability), who main-
tained a quick and stable RTW status from the first 
month follow-up after injury; (ii) average RTW (50.7%  
probability), who achieved RTW status within 6 months 
of their injury; and (iii) slow RTW (27.8% probability), 
who experienced a slow and unsustainable RTW status 
during the 2-year follow-up period after injury (>50% 
of this group did not return to work steadily). Of the 
804 participants, 228 made up the slow RTW group, 
399 fell into the average RTW group, and the remaining 
177 comprised the fast RTW group. For each trajectory, 
the predicted values of RTW did not differ from the 
observed values. The results shown in figure 1 did not 
change appreciably after adjustments for age, gender, 
and marital status. 

Comparing baseline characteristics across trajectories

The characteristics of the traumatic limb injuries 
according to the RTW trajectory are shown in table 1. 
The mean age ranged from 38.1 years in the fast RTW 
group to 46.7 years in the group with slow RTW. The 
hospitalization days also followed a decreasing pat-
tern from slow to average to fast RTW groups (11.3, 
7.3, 5.4 days, respectively). Men and high-energy 
injuries were overrepresented in all three groups; 
especially the fast RTW group consisted mostly of 
men (76.3%) and the slow RTW group consisted 
mostly of high-energy injuries (83.3%). As for the 
obtainment of insurance compensation for the injury, 
only modest differences were found across the three 
groups. There were significant differences in the 
educational level, occupation titles, parts injured, 
disturbance in daily life, and self-efficacy of RTW 
in one month across the three groups. The slow RTW 
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group comprised the greatest proportion of the fol-
lowing categories: (i) lowest educational level, (ii) 
blue-collar, (iii) 1 lower limb involvement, (iv) severe 
disturbance in daily life, and (v) no self-confidence 
of returning to work in one month. In addition, the 
BSRS scores revealed a decreasing trend of 3.7, 2.8, 
and 2.5 points from the slow to average to fast RTW 
groups. However, no obvious significances were 
detected among the physical, psychological, social, 
and environmental domains of the WHOQOL-BREF. 

Predictors of different RTW trajectories

Table 3 shows the multinomial logistic regression mod-
els for the comparison of the baseline characteristics 
among the three groups. Comparing the slow and fast 
RTW groups, the slow RTW group was significantly 
more likely to comprise individuals who: (i) were older 
[adjusted odds ratio (ORadj) 1.04, 95% CI 1.01–1.06], 
(ii) had longer hospitalization stays (ORadj 1.18, 95% CI 
1.11–1.25), (iii) worked in farming/forestry/fishing or 

Table 1. Baseline characteristics per return-to-work (RTW) trajectory. [BSRS-5=5-item Brief Symptom Rating Scale; SD=standard devia-
tion; WHOQOL-BREF=World Health Organization Quality of Life Assessment]

Trajectory Slow RTW (N=228) Average RTW (N=399) Fast RTW (N=177) Total (N=804)

N % Mean SD N % Mean SD N % Mean SD N % Mean SD

Age 46.7 15.6 40.7 14.5 38.1 14.8 41.8 15.2
Gender
Male 158 69.3 281 70.4 135 76.3 574 71.4
Female 70 30.7 118 29.6 42 23.7 230 28.6

Marital status
Married 140 61.4 237 59.4 102 57.6 479 59.6
Single, divorced or widowed 88 38.6 162 40.6 75 42.4 325 40.4

Education years a
<9 132 57.9 138 34.6 46 26.0 316 39.3
9~12 74 32.5 176 44.1 72 40.7 322 40.0
>12 22 9.6 85 21.3 59 33.3 166 20.6

Injury energy
High energy 190 83.3 311 77.9 132 74.6 633 78.7
Low energy 38 16.7 88 22.1 45 25.4 171 21.3

Length of hospital stay (days) a 11.3 9.9 7.3 6.4 5.4 3.4 8.0 7.4
Insurance system a
National Health Insurance 21 9.2 27 6.8 5 2.8 53 6.6
Work compensation 59 25.9 84 21.1 28 15.8 171 21.3
Private health insurance 44 19.3 69 17.3 30 16.9 143 17.8
Combined all three insurance 104 45.6 219 54.9 114 64.4 437 54.4

Occupation a
White-collar full time 30 13.2 84 21.1 61 34.5 175 21.8
Workers in farming/forestry/fishing 101 44.3 152 38.1 60 33.9 313 38.9
Repair personnel/operators/laborers  73 32.0 134 33.6 39 22.0 246 30.6
Part time job 24 10.5 29 7.3 17 9.6 70 8.7

Injury part a
1 upper limb 51 22.4 187 46.9 86 48.6 324 40.3
1 lower limb 98 43.0 119 29.8 36 20.3 253 31.5
≥2 limbs 36 15.8 38 9.5 8 4.5 82 10.2
Limb and other body parts 43 18.9 55 13.8 47 26.6 145 18.0

Self-efficacy of RTW in one month a
No chance 143 62.7 177 44.4 53 29.9 373 46.4
Moderate chance 70 30.7 164 41.1 86 48.6 320 39.8
High chance 15 6.6 58 14.5 38 21.5 111 13.8

Disturbance in daily life a
Mild 98 43.0 45 11.3 65 36.7 139 17.3
Moderate 33 14.5 73 18.3 34 19.2 140 17.4
Severe 170 74.6 259 64.9 96 54.2 525 65.3

WHOQOL-BREF (range)
Physical (4–20) 13.0 2.0 13.8 1.9 14.0 1.7 13.6 1.9
Psychological (4–20) 12.7 2.3 13.3 2.3 13.2 2.2 13.1 2.3
Social (4–20) 14.2 2.1 14.5 2.1 14.5 2.0 14.4 2.1
Environmental (4–20) 13.4 1.9 13.9 1.9 13.9 2.0 13.8 1.9

BSRS-5 (0–20) 3.7 3.9 2.8 3.2 2.5 3.1 3.0 3.4

a P-value<0.001 
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repair personnel/operators/laborers, or held part-time jobs 
(ORadj 2.24~3.24, 95% CI 1.09~1.59–4.48~7.00), (iv) 
had 1 lower or >2 limbs injured (ORadj 3.63 versus 4.22, 
95% CI 2.00–6.60 versus 1.59–11.20, respectively), (v) 
had moderate or severe disturbance in daily life (ORadj 
2.34 versus 2.10, 95% CI 1.02–5.40 versus 1.02–4.30 
respectively), (vi) had higher psychological scores on the 
WHOQOL-BREF (ORadj 1.22, 95% CI 1.04–1.41), and 
(vii) scored higher on the BSRS-5 (ORadj 1.11, 95% CI 
1.03–1.20). Whereas those who (i) were married (ORadj 
0.50, 95% CI 0.27–0.93), (ii) had a high educational level 

Figure 1. Trajectories and confidence intervals of return to work (RTW) among workers with traumatic limb injuries (N=804). [95% CI=95% 
confidence interval]

Table 2. Bayesian Information Criterion (BIC) and 2 loge(B10). 
Note: Although the four-group model had the smallest BIC score 
(in absolute values), the standard errors of the estimates are not 
stably separable by statistical criteria among different combina-
tions with the polynomial function of time (up to a third-order 
polynomial). Therefore, we selected the three-group model, con-
sisting of the cubic, quadratic, and intercept equation (BIC score 
-1583.7) as the best-fitting model.

Number of 
groups

BIC Null model 2 loge(B10)

1 -2116.6
2 -1588.8 1 1055.6
3 -1583.7 2 10.2
4 -1551.2 3 65
5 -1594.4 4 -86.4
6 -1564.1 5 60.6

of >12 years (ORadj 0.21, 95% CI 0.09–0.50), and (iii) had 
moderate or high self-efficacy of RTW (ORadj 0.29 versus 
0.20, 95% CI 0.17–0.51 versus 0.09–0.47 respectively) 
were more likely to be in the fast RTW group.  

Comparing the average and fast RTW groups, the 
average RTW group was significantly more likely to 
comprise individuals: (i) with longer hospitalization 
stays (ORadj 1.11, 95% CI 1.05–1.18), (ii) who obtained 
work or private insurance for the injury (ORadj 1.18, 95% 
CI 1.11–1.25), (iii) who worked in farming/forestry/fish-
ing or were repair personnel/operators/laborers (ORadj 
1.94 versus 2.73, 95% CI 0.14–3.35 versus 1.57–4.74), 
and (iv) who had higher psychological scores on the 
WHOQOL-BREF (ORadj 1.15, 95% CI 1.01–1.30). 
Whereas those who suffered from injuries to limbs and 
other body parts (ORadj 0.46, 95% CI 0.28–0.78) and 
had high self-efficacy of RTW in one month (ORadj 
0.60, 95% CI 0.33–1.09) were more likely to be in the 
fast RTW group.

Comparing the slow and average RTW groups, 
the slow RTW group was significantly more likely to 
comprise individuals who: (i) were older (ORadj 1.02, 
95% CI 1.00–1.04), (ii) had longer hospitalization 
stays (ORadj 1.06, 95% CI 1.03–1.08), and (iii) had 
injuries to 1 lower, ≥2 limbs, or limb and other body 
parts (ORadj 2.39~2.52, 95% CI 1.32~1.61–3.95~4.54). 
Whereas those who (i) were married (ORadj 0.63, 95% 
CI 0.40–1.00), (ii) had a higher educational level of 
9–12 or >12 years (ORadj 0.53 versus 0.32, 95% CI 
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0.32–0.85 versus 0.16–0.64), and (iii) had moderate 
or high self-efficacy of RTW (ORadj 0.52 versus 0.34, 
95% CI 0.34–0.80 versus 0.17–0.69, respectively) were 
more likely to be in the average RTW group. For exam-
ple, the coefficients for the marital status in the model 
can be interpreted as follows: holding the effects of all 
other terms in the model constant, a married subject 
– compared with a single (or divorced) subject – was 
1.65 times more likely to belong to the fast RTW group 
in reference to the slow RTW, and 1.88 times more 

likely to belong to the average RTW group in reference 
to the slow RTW. This subject would be equally likely 
to belong to the average RTW group in reference to the 
fast RTW group. However, gender and three domains 
of the WHOQOL-BREF (ie, physical, social, and 
environmental) did not have a significant impact on 
the RTW trajectory of the traumatic limb injury, after 
adjustment for other confounding variables. That is to 
say, these characteristics did not predict the trajectory 
classification (table 3).

Table 3. Adjusted odds ratio (OR) of trajectory group allocation in relation to baseline variables. [RTW=return to work; 95% CI=95% 
confidence interval; WHO-QOL-BREF=World Health Organization Quality of Life Assessment; BSRS-5=5-item Brief Symptom Rating Scale; 
SD=standard deviation]

Slow versus fast RTW Average versus fast RTW Slow versus average RTW

Adjusted OR 95% CI Adjusted OR 95% CI Adjusted OR 95% CI

Age 1.04 1.01–1.06 a  1.02 1.00–1.04 1.02 1.00–1.04 a

Gender
Male versus female 0.63 0.36–1.08 0.64 0.41–1.00 0.98 0.64–1.49

Marital status
Married versus single, divorced or widowed 0.50 0.27–0.93 a 0.79 0.47–1.33 0.63 0.40–1.00 a

Education years
<9 Reference
9~12 0.56 0.30–1.05 1.06 0.62–1.82 0.53 0.32–0.85 a
>12 0.21 0.09–0.50 a 0.67 0.35–1.29 0.32 0.16–0.64 a

Injury energy
High versus low energy 1.81 0.99–3.29 1.25 0.79–1.99 1.45 0.89–2.35

Injury severity
Hospitalization days 1.18 1.11–1.25 a 1.11 1.05–1.18 1.06 1.03–1.08 a

Obtain private or work compensation for this injury
Yes versus no 2.31 0.74–7.22 2.97 1.03–8.25 0.79 0.39–1.60

Occupation
White-collar full time Reference
Workers in farming/forestry/fishing 2.24 1.12–4.48 a 1.94 0.14–3.35 1.85 0.85–4.05
Repair personnel/operators/laborers 3.24 1.59–6.59 a 2.73 1.57–4.47 1.19 0.67–2.11
Part time job 2.77 1.09–7.00 a 1.49 0.71–3.15 1.85 0.85–4.05

Injury part
1 upper limb Reference
1 lower limb 3.63 2.00–6.60 a 1.44 0.88–2.36 2.52 1.61–3.95 a

≥2 limbs 4.22 1.59–11.20 a 1.73 0.72–4.11 2.45 1.32–4.54 a
Limb and other body parts 1.11 0.58–2.12 0.46 0.28–0.78 2.39 1.37–4.17 a

Self-efficacy of RTW in one month
No chance Reference
Moderate chance 0.29 0.17–0.51 a 0.56 0.35–0.89 0.52 0.34–0.80 a
High chance 0.20 0.09–0.47 a 0.60 0.33–1.09 0.34 0.17–0.69 a

Disturbance in daily life
Mild Reference
Moderate 2.34 1.02–5.40 a 1.62 0.87–2.99 1.45 0.71–2.94
Severe 2.10 1.02–4.30 a 1.56 0.92–2.65 1.35 0.73–2.48

WHO-QOL scores (range)
Physical (4–20) 0.89 0.76–1.05 0.95 0.83–1.09 0.94 0.83–1.06
Psychological (4–20) 1.22 1.04–1.41 a 1.15 1.01–1.30 a 1.06 0.94–1.19
Social (4–20) 1.00 0.87–1.15 0.99 0.88–1.11 1.01 0.90–1.13
Environmental (4–20) 0.93 0.79–1.10 1.00 0.87–1.14 0.93 0.82–1.07

BSRS-5 (0–20)
Mean ± SD scores 1.11 1.03–1.20 a 1.06 0.99–1.13 1.05 0.99–1.11

a P-value<0.05.
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Discussion

To the best of our knowledge, this is the first study to 
use GBTM to explore the RTW trajectory and to deter-
mine the relevant predictors within an ICF framework. 
We identified three distinct RTW trajectory classes of 
workers with traumatic limb injuries: slow RTW (27.8% 
probability), average RTW (50.7% probability), and fast 
RTW (21.5% probability), and found that the distribu-
tion of these trajectories was quite varied. The latter two 
achieved >85% RTW six months after injury. 

Further comparing our study with previous studies, 
our GBTM findings supported the predictors (eg, age, 
gender, educational level, injury severity, self-efficacy, 
and QOL) of RTW reported in previous studies (8–9, 
35–41). Patients found to be less likely to return to work 
were those who were older, less educated, and suffered 
from injury to one lower limb, or were seriously injured, 
had less self-efficacy, felt more disturbance in daily life, 
had worse QOL, and had poorer mental health. These 
predictors combined to account for about 34.8% of the 
total variance in our data under the explanatory model 
of the ICF framework. 

One of the advantages of GBTM is that it can treat 
RTW as an outcome that changes over time. Workers 
often move in and out of an RTW status after traumatic 
limb injury because they have rehabilitated well or suf-
fered from “secondary injury” or “work incapability” 
after their RTW. A previous study that treated RTW as 
a time-stable status found that the first occurrence of 
RTW after an injury marked a return to stable employ-
ment for <40% of the workers who returned (42). The 
GBTM provides a novel statistical method to explore 
the dynamic trajectory patterns among latent subgroups 
from long-term repeated measurements. Previous RTW 
studies employed either the logistic regression or Cox’s 
proportional hazards model to analyze work status as 
defined by the end-point of RTW (9, 36, 39). These 
statistical models also assume a homogenous population 
of subjects as regards the RTW status, which might be 
realistic for a single terminal observation but unrealistic 
for consecutive observations of the same events. While 
reaching similar conclusions to those obtained by such 
statistical modeling, the GBTM is different in its ability 
to take into account the dynamic changes of RTW status, 
which showed distinct patterns among the study subjects 
(10–11). Several studies have adapted GBTM for long-
term analysis of work ability trajectories (27), back 
injury trajectories (43), geriatric disability trajectories 
(34), and others. Since neither investigation of predic-
tors nor comparison between RTW patterns has been 
evaluated, the GBTM provides a resolution to explore 
the time-dependent RTW status after workers’ injuries 
in longitudinal follow-up.

Another advantage of using GBTM is that it allows 
the exploration of different distinct RTW trajectory pat-
terns among the diverse population of traumatic limb 
injuries. Since the inconsistent results of the factors 
influencing RTW and the time of RTW after injury 
vary according to the wide range of injury conditions 
(4, 36–39, 44), we examined the injuries according to 
each trajectory of RTW and classified them by similar 
patterns (26). A 5-year study has explored the fact that 
although nearly half of the workers achieved complete 
RTW, the RTW process was not necessarily a continuous 
one, and could be disrupted by the need for sick leave 
benefits or vocational rehabilitation (10). Therefore, we 
chose GBTM, a model for individual-level heterogene-
ity in data, to identify groups with similar patterns over 
time, as opposed to the traditional regression analyses, 
which model only one mean within a sample (45). As 
such, the trajectory analyses facilitated the identification 
and definition of distinct subgroups and parameters for 
designing future etiologic epidemiological studies of the 
distinct RTW trajectories after traumatic limb injuries. 
Nevertheless, the application of the GBTM to identify 
or predict an individual patient’s RTW trajectory may be 
clinically premature without a large-scale longitudinal 
study involving a comprehensive design including all 
potential within- and between-individual factors that 
could affect the trajectories for the patients. The reality 
of the influence of ever-changing dynamics between 
individual and environmental factors on the time course 
of an individual’s RTW status would certainly require 
further sophisticated statistical modeling techniques 
to be developed. To increase the likelihood of injured 
workers’ RTW, risk factors that could delay or prevent 
such an outcome need to be identified using various 
statistical methods such as structure equation modeling 
(46), multiple linear regression (7, 37), logistic regres-
sion (10–11), and Cox regression (9, 36, 38–39).

In this study, many predictors of RTW [ie, gender 
(9), age (38), marriage (47), educational level (8, 36, 
38–39), injury severity (39, 44, 48), occupation (8, 36), 
work compensation (8), QOL (46, 49), depression (46), 
self-efficacy (8, 36), and participation in activities (47)] 
were identified, as in previous studies. Furthermore, we 
proposed the ICF scheme to conceptualize the interpreta-
tion of the multidimensional factors of RTW and the mul-
tidisciplinary interventions of vocational rehabilitation 
(50–51); however, no empirical data had been confirmed 
under the ICF framework. In addition, Taiwan has legis-
lated the application of the ICF framework for sickness 
certificates in order to capture the intricate predictors of 
RTW, as in a recent study from Sweden (52). Therefore, 
construction of RTW predictors under the ICF framework 
is a practical and comprehensive resolution. 

We have identified three limitations of the cur-
rent study. First, due to the complex nature of the 
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biopsychosocial factors of RTW, we could not be suf-
ficiently comprehensive, despite efforts to include the 
major predictors with the ICF framework (R2=0.33 
by multinomial logistic regression). It is expected that 
many complex socio-environmental factors, such as 
healthcare system, work compensation legislation, and 
unemployment status, should and can have an impact 
on the likelihood of RTW status of an individual partici-
pant. Likewise, so do certain occupational factors such 
as job seniority, staff numbers, and job contents. Our 
study design focused largely on individual character-
istics and included little information on either environ-
mental or occupational factors in addressing the poten-
tial impacts of these factors on RTW. A more ambitious 
study including these multilevel social, environmental, 
and occupational factors could perhaps resolve some of 
the residual confounding issues in determining indepen-
dent risk factors for RTW trajectory. That is to say, RTW 
depends on many factors, such as motivation, ability to 
adjust, occupation, health status, rehabilitation interven-
tion, healthcare, social welfare, etc. The relationships 
between RTW and these factors are dynamic and vary 
greatly from one individual to another and across social 
strata. Statistical modeling is limited in its ability to 
explain such a complicated process. 

Secondly, only 79.6% (a total of 3842 measures of 
RTW evaluation divided by 6 repeated follow-ups for 
each of 804 participants) were followed for the repeated 
measures of this study. However, we performed the post-
hoc analyses for the baseline demographics and found 
no significant differences between participants with and 
without loss of follow-up. 

Finally, although the GBTM may have overcome 
the disadvantage of considering the first occurrence of 
RTW as a steady end-point in the traditional statistics 
(42), there were still two pitfalls of the RTW study. One 
is that RTW is never a homogeneous outcome composed 
of the outcomes of the same duties, modified tasks, or 
modified hours (12). The other problem is that further 
subgroup analysis (eg, injury parts, injury severity, 
occupation, etc) in a study with sufficient numbers of 
subjects in each subgroup could add useful information 
on the RTW among patients with traumatic limb inju-
ries. Therefore, further detailed evaluation of the actual 
definition of RTW (eg, re-entry to work, full or part-
time job, same tasks and/or hours, etc) with subgroup 
analysis is needed. 

In conclusion, this study is an initial step toward 
understanding the trajectory and explaining the predic-
tors of RTW within the ICF framework among workers 
with traumatic limb injuries. The results indicate that 
three distinct trajectory patterns of RTW exist with indi-
viduals’ characteristic predictors. Therefore, it might be 
desirable for clinicians to monitor patients’ RTW status 
for at least two years to identify the high-risk workers 

with different RTW trajectories to increase their likeli-
hood of returning to work.
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