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Abstract
Objective:Orthopaedic trauma studies that collect long-term outcomes are expensive and maintaining high rates of follow-up can
be challenging. Knowingwhat factors influence completion of follow-up could allow interventions to improve this. We aimed to assess
which factors influence completion of follow-up in the 12 months following surgery in prospective orthopaedic trauma research.

Design: Prospective Cohort Study.

Setting: Level 1 Trauma Center, Vancouver, Canada.

Participants: Eight hundred seventy patients recruited to 4 prospective studies investigating the outcomes of operatively treated
lower extremity fractures.

Mainoutcomemeasurements:Completion of follow-up defined as completion of all outcomemeasures at all time points up to
12 months following injury.

Results:Univariate analysis and subsequent analysis by building a reductive multivariate regression model allowed for estimation of
the influence of factors in completion of follow-up.
Eight hundred seventy patients with complete data had previously been recruited and were included in the analysis. Seven

hundred seven patients (81.2%) completed follow-up to 12 months. Factors associated with completion of follow up included higher
physical component score of SF-36 at baseline, not being on social assistance at the time of injury, being married and having a higher
level of educational attainment.

Conclusions:Our study has demonstrated several important factors identifiable at baseline which are associated with a failure to
complete follow-up. Although these factors are not modifiable themselves, we advocate that researchers designing studies should
plan for additional follow-up resources and interventions for at risk patients.

Level of Evidence: Level IV

Abbreviations: AIC = akaike information criterion, PROMIS = patient-reported outcomes measurement information system,
PROMS = patient reported outcome measure, SF-36 = short form 36, SMFA = short musculoskeletal function assessment.

Keywords: completion of follow-up, follow-up, orthopaedic, trauma

1. Introduction patients to final recovery, often involving several years of follow-

Orthopaedic trauma researchers often recruit patients to
prospective long-term longitudinal studies that aim to follow
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outcome measure (PROMS) collection, alongside traditional
outcomes, and these studies can be expensive to administer and
are certainly time consuming for patients to participate in.
Not surprisingly maintaining high rates of follow-up can be

challenging in theseandother typesof research studies.Thishasbeen
shown in a previous study into traumatic pelvic ring injuries,[1] with
12% of patients not attending a single follow-up and 40% not
completing 90 days of follow-up. Similarly, a study into
undifferentiated orthopaedic trauma patients showed high rates
(>70%) of noncompliancewith at least 1 follow-up appointment in
the initial 6-month period.[2] However, not all studies have shown
such poor compliance with one study[3] showing that only 8.5% of
their patients failed to complete the recommended follow-up course
despite their patients being similar to others previously studied.
It is important to minimize loss to follow-up in these long-term

studies to avoidpotential introductionofbias, especiallywhen follow-
up rates differ in different patient groups under study. For example, a
previous simulation study[4] has suggested that a loss to follow-up of
20% can frequently change the statistical significance of findings.
The orthopaedic trauma population overall does represent a

harder patient group to ensure high rates of follow-up from both
a clinical and research perspective. This has been theorized to be
due to multiple factors that disproportionately affect orthopaedic
trauma patients when compared with other surgical groups.
These include patient factors such as a higher rate of substance
abuse problems, absence of insurance cover, lower socioeco-
nomic status, psychiatric problems, being of no fixed address, and
a tendency to move often.[2,5]

Some have advocated simply excluding patients who are unlikely
to complywith the requirements of the trial, for example, thosewho
are of no fixed address[6] or who may find follow-up challenging.
However, we do not feel this is something we should do in all cases.
We have concerns that excluding these “at-risk” groups from our
research may mean that the results of any study would not be valid
andapplicable to a large proportionof our patient group. It has been
shown that patients lost to follow-up are a demographically and
clinically different patient population from those who remain
engaged with long-term prospective trauma studies.[7]

However if we were better informed about what factors
influence completion of follow-up, this could allow researchers to
design their studies to take these factors into account. For
example, more targeted recall mechanisms could be imple-
mented. Measures targeting potential “at-risk’ groups have
previously been implemented in the SPRINT trial.[8]

We proposed using patients recruited via 4 prospective
longitudinal outcome studies at our Level 1 Trauma Center to
assess the potential predictors for completion of follow-up to 12
months. We theorized that demographic factors such as work
status and social assistance would be potential predictors for
completion of follow-up.

2. Methods

2.1. Patients

Patients were identified from 4 prospective studies conducted
between 2005 and 2015 at our Level 1 Trauma Center to allow
the 1-year follow-up window. The studies were into patients with
operatively treated pelvic/acetabular, tibial plateau, tibial shaft,
and tibial plafond fractures. Each study was approved by the
Institutional Ethics Committee of the University of British
Columbia. Informed consent was obtained from all patients
before participation. All patients included were appropriately
covered by their provincial health care plan.
2

At discharge from hospital, patients rated their preinjury
(baseline) status using the Short Form 36 (SF-36) and Short
Musculoskeletal Function Assessment (SMFA) questionnaires.
Demographic information was collected as part of the SMFA.
Previous literature suggests patients can accurately recall their
preoperative quality of life, function, and general health up to 6
weeks postsurgery.[9,10] The same questionnaires were then
administered again at 6 and 12months postsurgery. Patients were
not paid for participation or parking/travel as questionnaires
were administered remotely, although they did need to attend for
radiological follow-up.
We defined complete follow-up as completion of all outcome

measures at all time points up to and including 12 months. All
patient factors collected at the baseline questionnaire including
functional outcomes and demographic factors were utilized as
putative factors that might influence completion of follow-up.

2.2. Data analysis

Initial assessment was carried out by univariate logistic regression
to check to see if the relationship of any predictor was so weak
that it should be removed from the analysis. We fitted a null
model with only an intercept term, and then sequentially
compared this model with the putative predictor. If the model
was significantly different we included the predictor in the future
analysis. In addition, any predictors that missed significance, but
clinically seemed important were included.
A multivariate model was built using the putative predictors

identified in the initial analysis and then model reduction and
selection was carried out. This involved assessment of the initial
multivariate model using the likelihood ratio test. We then
selected the model using backward elimination using the Akaike
information criterion (AIC). The model with the smallest AIC
was selected as the final model.

3. Results

A total of 1013patientswere previously recruited at our institution
in the relevant studies between 2005 and 2015. Some patients did
not have all variables recorded in their baseline information and
were excluded to ensure that our analysis could assess all variables
reliably. This meant 870 patients were included. Seven hundred
seven patients (81.2%) completed follow-up to 12 months. Their
summary demographics are detailed in Table 1.
The results of the initial screening by univariate logistic

regression are in Table 2. The putative factors that were selected
as a result of this analysis to go forward in the initial multivariate
model were Education, Marital Status, Work Status, SMFA
function at baseline, Disability, Social Assistance. Several of the
individual questions related to employment and disability were
collapsed into single variables (Tables 2 and 3).
The reductive multivariate regression model built as a result of

backward elimination resulted in the final model including SF-36
PCS baseline score, Education status, Marital Status, Work
Status, and Social assistance status as the final variables. The final
multivariate regression model results are shown in Table 3.
The physical component score of SF-36 at baseline was

significantly associated (P= .004) with completion of follow-up
with a 3.2% increase in the odds of completion of follow-up for
every integer increase in SF-36 PCS score. Those whowere not on
social assistance at the time of injury were significantly more
likely to follow up (OR=2.227) than those who were (P= .002).
Marital status and educational attainment were also found to

be statistically significant factors in predicting completion of
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Table 1

Patient demographics

Variables Study 1—pelvis and acetabular Study 2—tibial plateau Study 3—tibial shaft Study 4—tibial plafond All

Patients 473 183 268 89 1013
Sex
Female 131 (27.7%) 54 (29.5%) 142 (53.0%) 27 (30.3%) 354 (34.9%)
Male 342 (72.3%) 129 (70.5%) 126 (47.0%) 62 (69.7%) 659 (65.1%)

Age
Mean (SD) 44.1 (17.0) 40.8 (16.6) 45.4 (15.2) 41.2 (14.1) 43.6 (16.3)
Median 44 39 45 41 43
Range 14-86 15-91 15-86 19-74 14-91

Completion rate
Baseline 97.9% 98.4% 99.3% 94.4% 98.0%
6 mo 80.3% 83.1% 86.1% 78.4% 82.2%
12 mo 77.4% 76.5% 77.6% 73.6% 77.0%

Injury Severity Score
Mean (SD) 14.2 (8.9) 11.0 (5.7) 9.8 (3.8) 9.3 (4.2) 12.0 (7.2)
(ISS > 9)% 43.1% 18.0% 6.7% 12.4% 26.3%
(ISS > 18)% 23.5% 10.4% 3.0% 4.5% 14.0%

Baseline PCS
Mean (SD) 55.4 (7.1) 55.0 (7.7) 55.5 (7.5) 56.1 (6.3) 55.4 (7.3)

Baseline MCS
Mean (SD) 53.3 (9.1) 53.0 (8.3) 53.3 (9.5) 52.8 (9.6) 53.2 (9.1)
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follow-up. Those who were single or living with a significant
other were less likely to follow up than those who were married
(P= .005). Increasing levels of educational attainment were
associated with increasing odds of completion of follow-up. We
did not observe a statistically significant difference in completion
of follow-up based on work status at the time of injury.
4. Discussion

Long-term prospective studies into orthopaedic trauma patients
require high rates of follow-up to avoid introducing bias. The
Table 2

Results of univariate regression analysis

Predictors Degrees of freedom of variable P value

Sex 1 .291
Trauma type 2 .503
Treatment 1 .544
Age 1 .062
ISS (transformed) 1 .438
SF-36 PCS score at baseline 1 .002
SF-36 MCS score at baseline 1 .387
SMFA Function at baseline 1 .016
SMFA Bother at baseline 1 .102
Study 3 .751
Race 5 .173
Education level 4 <.001
Marital status 4 .004
Take care of you question 1 .88
Work status 1 <.001
Retired (ill health/disability) 1 .002
Homemaker 1 .850
LOA 1 .058
Other 1 .806
Retired 1 .894
Student 1 .187
Unemployed 1 .009
Disability 1 .028
Social assistance 1 <.001

3

large commitment that this involves from patients, relatives, and
staff canmean that certain groups of patient who initially agree to
take part subsequently are lost to follow up. In our cohort of over
800 patients treated operatively for a variety of pelvis,
acetabulum, and lower limb fractures, we have identified several
factors that were identifiable at baseline that were associated with
a poorer or better rate of completion of follow-up to 12 months.
Our rate of follow-up at 12 months was consistent with other
longitudinal studies collecting PROMS.[11,12]

Few studies have looked previously at the factors that influence
completion of follow-up. One study looking at factors influencing
follow-up of patients in an orthopaedic trauma clinic suggested
that tobaccouse, distance from the clinic, lack of private insurance,
comorbid status, and having sustained a hip/pelvis fracture made
patients significantly less likely to follow-up.[5] Another study
looking at loss to follow-up in a clinical setting suggested male
gender, smokers, lack of commercial health insurance, and illicit
drug abuse were all associated with loss of follow-up at 6
months.[2] A further study found that homeless patients were far
more likely to fail to follow up in the orthopaedic trauma clinic,
especially when treated nonoperatively.[13] In addition, a study
fromtheUKsuggested that thosewhowereattending for follow-up
rather than an initial attendance, or for an upper limb injury, were
more likely to not attend.[14]

All of these studies did not look specifically at patients recruited
to research studies, and considering that research studies often
follow patients for a significantly longer period of time than
would normally be required for clinical purposes alone, it is
possible that different or additional factors may be relevant.
We found that patients who had a poorer reported preinjury

physical function as defined by a poorer baseline SF-36 PCS had a
significantly lower rate of follow-up. Our model suggests that for
every integer increase in their baseline SF-36 PCS the odds of
completion of follow-up increase by 3.2%. We suggest that this
makes sense as those patientswho functionworsepreinjury are less
likely to be able to return to clinic for follow-up as even if they
recover near to baseline their initial poor physical function may
impair their ability to attend for follow-up. This correlates with
findings found by studies into ACL reconstruction patients[15] and
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[16]

Table 3

Results of multivariate regression analysis

95% Confidence intervals

Odds ratio Lower Upper P value

SF-36 PCS Score at baseline 1.032 1.010 1.055 .004
Educational attainment (versus those who did not graduate high school)
Graduated High School 1.231 0.743 2.032 .418
Some College Education 1.732 1.018 2.950 .043
Graduated College 1.633 0.975 2.731 .061
Postgraduate degree 2.112 1.207 3.722 .009

Marital status (versus married patients)
Living with significant other 0.493 0.301 0.809 .005
Divorced/separated 0.790 0.454 1.402 .410
Widowed 0.693 0.287 1.804 .428
Single 0.568 0.382 0.839 .005

Not currently working vs. working 0.733 0.529 1.018 .063
No social assistance vs. social assistance 2.227 1.348 3.671 .002
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those who sustained distal radius fractures were where those
who had poorer preoperative physical function had poorer follow-
up rates.
We also found that being married had a higher rate of

completion of follow-up, whereas lower levels of educational
attainment had lower rates of follow-up. Not being on social
assistance was strongly associated with high rates of follow-up
when compared with those that were not. These latter 3 factors
could be seen as surrogates for socio-economic status. Certainly,
it has been suggested that those who find themselves in a difficult
life circumstance such as being homeless are less likely to follow
up.[14] Unmarried status and being unemployed or disabled has
been shown to be correlated with poorer completion of follow-up
in a cohort of patients with metacarpal fractures.[17]

Previously mental health issues were thought to potentially
lead to an increased chance of loss to follow-up, but in our study
the SF-36 MCS was not found to be a statistically significant
influence on completion of follow-up either at univariate or
multivariate analysis. This may be because only certain mental
health conditions might influence completion of follow-up and
these may not be adequately represented in an SF-36 MCS value.
For example, we know that depression can play a large role in the
outcomes of trauma patients, for example, in those who have
low-energy distal radius fractures.[18] However, the use of
outcome measures for specific mental health conditions was not
done in our studies due to the worry about respondent burden.
Our study has several weaknesses. Our patient groups only

cover thosewith the specific injuries thatwere being investigated in
our prospective studies and all were managed operatively as
inpatients. We cannot extrapolate our findings to patients with
other injuries, nor to those who were managed either non-
operatively nor those who had surgery on an outpatient basis. We
are also limited in the factors we can investigate by the measures
that were collected when we recruited patients to our studies. One
hundred forty-three patients were excluded from our study due to
the absence of 1 or more pieces of baseline data in their initial
assessment, their exclusionmeans that there couldbe variables that
are significant that we missed due to the exclusion of this data.
Wewere not able to assess the impact of distance of home to the

hospital, normore specific details of comorbidities or drug/alcohol
intake. In addition,wemay have underestimated the role ofmental
health issues in completion of follow-up due to the use of the
generic SF-36MCS rather than specific scores such as the Centre of
Epidemiologic Studies Depression scale. As our patients were all
4

Canadian and were covered by their provincial health plans we
cannot assess the “absence of insurance coverage” as a factor, nor
can we be certain of its full applicability to other countries.
We did not look specifically at respondent burden in our

studies, and it is known that this can be a major issue determining
patient acceptability of outcome measures. Certainly when
developing new outcome measures and starting new studies
we need to take account of this factor. For example, a previous
study[19] from our institution highlighted the limitations of our
current pelvic trauma-specific outcome measures due to respon-
dent burden, amongst other issues. We acknowledge that
although SF-36 and SMFA were the “gold standard” measures
at the time of our study recruitment, they may no longer be
universally seen as the best measures for assessment due to their
length. As a result of this we are alreadymoving toward the use of
computer adaptive testing such as that in the Patient-Reported
Outcomes Measurement Information System (PROMIS)[20–22]

for future studies.
However our study is strengthened by the large numbers of

patients who were part of our studies, and the breadth of lower
limb injuries that they sustained. We also used the 2 most
common patient-reported outcome measures for orthopaedic
trauma at baseline with their associated demographic informa-
tion which means that our findings are potentially translatable to
any study that utilizes these measures.
In conclusion, our study demonstrates in a large research

cohort, the factors at baseline which are associated with a failure
to complete follow-up. Although the factors that identify patients
“at risk” of loss to follow-up are not modifiable themselves, it is
vital to try and facilitate continued follow-up from research study
patients who might fall into these groups, as differential follow-
up rates would most likely invalidate any study findings.
Previously studies[8,23] have suggested setting exclusion criteria

to try and avoid recruiting patients who are likely to not complete
follow-up. We would advocate caution in setting exclusion
criteria too broadly as this may result in skewing potential results.
For example, our study has demonstrated that those who are
likely to not follow up are often from a lower socio-economic
background and are more likely to be a significant part of any
patient group in a trauma study.
Instead, we suggest that researchers recruiting patients to

studies should screen for potential risk factors for poor follow-up.
These include limited preinjury mobility or being on social
assistance. Armed with this knowledge, we can now design
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studies taking account of these risk factors so patients “at-risk”
can be targeted for appropriate measures from recruitment
through to follow-up. Such measures could include ensuring
several alternate contacts are available for patients, searching
other resources such as phone directories for those lost to follow-
up, allowing flexibility in the follow-up window, and prioritiza-
tion of certain outcome measures if a patient is finding the full
outcome scoring set too burdensome. We should also ensure that
we use modern technology for data collection, for example,
online data collection portals for PROMS and ensuring that as
much outcome data can be collected by phone or online rather
than face to face. These and similar measures have been proposed
in the SPRINT[8] and Fluid Lavage of Open Wounds[23] (FLOW)
trials.
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