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Hand Therapy after Flexor and Extensor Tendon
Repair: Assessing Predictors of Loss to Follow-up
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Background: Postoperative hand therapy (HT) is important for regaining function
and preventing complications in patients undergoing tendon repair of the hand
and wrist. Loss to follow-up (LTFU) can hinder this process; so we sought to deter-
mine factors that predict attrition of these patients.

Methods: Charts were retrospectively reviewed for patients who underwent exten-
sor or flexor tendon repair of the hand, wrist, or forearm between 2014 and 2019.
Demographic data, including age, sex, zip code, employment status, education
level, and insurance type, were collected, and the rate of LTFU was calculated.
Logistic regression was used to analyze factors.

Results: A total of 149 patients were identified and analyzed. The rate of LTFU was
42%. Factors that predicted loss were younger age, male gender, lower educational
degree, and a documented psychiatric history. Employment status, insurance type,
and distance from the HT center did not predict attrition. The number of HT
weeks recommended by the occupational therapist did not differ between those
who were lost and those who were not. Lost patients completed, on average, 57%
of their suggested HT course.

Conclusions: The current study identified demographic factors associated with attri-
tion in patients undergoing tendon repair of the distal upper extremity. Factors
included patients who were younger, male gender, less educated, and had a docu-
mented psychiatric history. By identifying factors that predict LTFU, specific strate-
gies can be developed to reduce attrition rates, particularly for atrisk populations,
to improve patient care after tendon repair. (Plast Reconstr Surg Glob Open 2023;
11:¢4941; doi: 10.1097/GOX.0000000000004941; Published online 26 April 2023.)

INTRODUCTION
Both hand surgery and laceration repair are among
the top five most common reconstructive plastic surgery
procedures in the United States." However, flexor and
extensor tendon injuries continue to be relatively rare,

hand, wrist, and forearm present unique challenges.
In addition to healing, proper tendon gliding must be
achieved to attain functional movement of the wrist and
digits. Without appropriate intra- and postoperative
management, complications such as loss of motion and

with an incidence of five per 100,000 persons for flexor
and 14 per 100,000 for extensor injuries.”” Because of
their infrequency and complexity, tendon repairs of the
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tendon rupture can result. Strategies to optimize patient
outcomes have thus been extensively researched, and
although there are guidelines on surgical techniques* and
research on biochemical repair mechanisms,” rehabilita-
tion is consistently regarded as the most important post-
operative facet.>*"

The goal of hand therapy (HT) is to prevent com-
plications and to regain functionality. In doing so, it is
important to consider mobility of the hand, adhesion
formation, and muscle atrophy.” Various tensile motion
exercises reduce inflammation® and promote collagen
synthesis,” and although both active and passive HT
techniques involve these motions, there is still much
debate over the most beneficial regimen.® Nevertheless,
it is widely accepted that lack of HT results in poorer
outcomes. Therefore, timely and consistent postop-
erative follow-up is paramount in preventing complica-
tions and achieving maximal long-term functionality.

Disclosure statements are at the end of this article, fol-

lowing the correspondence information.
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Unfortunately, rehabilitation is not exempt from impedi-
ments, one of which—Iloss to follow-up (LTFU)—is par-
ticularly harmful.

A review on rehabilitation regimens after extensor ten-
don repairs'’ found that LTFU across five studies occurred
19%-33% of the time. Although that study did not, several
other studies have analyzed factors that contribute to sur-
gical LTFU, including geographic barriers, patient motiva-
tion, physician commitment, dissatisfaction with surgeons,
age, socioeconomic status, and documented psychiatric
history such as major depressive disorder (MDD)."="> A
study on LTFU after distal radius fractures also found that
lower educational level was associated with higher rates of
attrition.'® However, none of these studies focused on ten-
don repairs with subsequent HT. In fact, literature, includ-
ing a thorough analysis of LTFU after flexor or extensor
tendon repairs, is quite limited.

Based on all of the aforementioned findings, we
designed the current study and predicted that LTFU in
our study population would occur at least 25% of the time.
Further, we hypothesized that lower educational level, as
well as increased distance from the care center would be
associated with LTFU. In short, the current study seeks to
determine factors that contribute to LTFU so that care
providers can better identify at-risk populations and pro-
vide appropriate resources, with the goal of improving
attrition rates and, ultimately, patient care.

MATERIALS AND METHODS

Design

This is a retrospective cohort study using routinely
collected data found in Epic (Epic Systems Corporation,
Verona, Wis.), the electronic medical record software uti-
lized at the UMass Memorial Medical Center (Worcester,
Mass.). The institutional review board at the University
of Massachusetts Medical School approved the study on
December 4, 2019 (approval no.: HO0017856).

Data Source and Cohort

Data were extracted from the UMass Epic database,
which at the time of collection included a total of 2,256,963
patients. Current Procedural Terminology billing codes
were used to identify procedure names involving flexor
and extensor tendon repairs or transfers of the hand, wrist,
and forearm. The procedure names were then entered
into Epic’s data organizer, SlicerDicer, to identify patients.
SlicerDicer does not use Current Procedural Terminology
codes directly; rather, procedure names. These names are
shown in Table 1. We included all adult patients older than
18 years of age who had undergone these procedures in
the operating room setting at UMass Memorial locations
between 2014 and 2019. We chose 2014 as a starting date
because this is when notes in Epic became accessible.

Data collected in Microsoft Excel (Microsoft Corp.,
Redmond, Wash.) included patient demographics such as
age, legal sex, race, zip code, language, employment status,
education level, and other factors, including HT details
(frequency, location), psychiatric history, and insurance.
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Takeaways

Question: What patient factors predict loss to follow-up
after tendon repair?

Findings: Younger age, male gender, lower educational
degree, and a documented psychiatric history predict loss
to follow-up in tendon repair patients.

Meaning: Specific patient populations should receive
additional education and attention regarding the impor-
tance of continued hand therapy, to reduce postoperative
complications and increase functionality.

Table 1. Procedure Names Used to Identify Patients

Repair, tendon, forearm

Repair, extensor tendon sheath, forearm and/or wrist, with free
graft

Repair, extensor tendon, hand, primary or secondary, without
graft, each tendon

Repair extensor tendon of wrist

Secondary repair extensor tendon of hand with free graft,
including harvesting of graft

Repair, flexor tendon of hand, zone 2, primary, without graft,
each tendon

Repair, flexor tendon of hand, zone 2, secondary, without graft,
each tendon

Repair, flexor tendon of hand, non-zone 2, secondary, with graft,
each tendon

Repair, flexor tendon of hand, non-zone 2, primary or second-
ary, without graft, each tendon

Repair single flexor tendon of wrist

PR repair, flexor tendon, hand, with graft, each tendon

PR repair, flexor tendon, hand, without graft, each tendon

Educational degrees were divided into “no high school,”
“high school,” “college,” and “graduate,” while employ-
ment status was categorized as “unemployed/retired,”
“part-time,” and “full-time.” Insurance was divided into
“worker’s comp,” “state insurance,” “private insurance,”
and “none/self-pay.” State insurance included Medicare,
Medicaid, and MassHealth, while all insurances not
included in worker’s comp and state were considered
private. Finally, using patient zip codes, Google Maps was
used to determine distance to UMass Medical Center’s pri-
mary HT location (Worcester, Mass.).

» o«

Outcomes

The primary outcome of the study was the rate of LTFU
to HT appointments after tendon repairs of the forearm,
wrist, or hand. All UMass Memorial rehab locations were
included in the study. However, if patients attended a non-
UMass Medical Center HT site, those patients were not
included in the analysis, as we did not have access to out-
side sites’ medical records. Chart review on Epic was done
to determine HT appointments and absences. Encounters
and notes were sorted by “surgery,” “plastic surgery,”
“orthopedic surgery,” and “occupational therapy.” All
“initial evaluation” HT notes included a recommended
number of HT weeks. LTFU was defined as any missed
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appointment after which the patient did not return. This
included patients who had attended some, but not all,
of their HT appointments. It also included patients who
did not attend a postoperative surgical appointment and
hence never initiated HT. Completion of HT was defined
as having a formal HT discharge note. Chart review was
also used to gather demographic information and any
additional relevant history. Demographic factors were
compared between the LTFU and completion groups.

Statistical Analysis

Data were entered to a de-identified spreadsheet. A
value of Pless than 0.05 was considered statistically signifi-
cant. The chi-square test for categorical values was used to
compare differences between patients who were lost and
those who were not. For data with mean values, averages are
expressed as mean + standard deviation. Means were com-
pared using two-way ¢ tests. For categorical results, logistic
regression was used to evaluate possible predictors of being
lost to follow-up. Chi-square test was used to compare LTFU
in flexor only versus extensor only injuries; repairs involv-
ing both extensor and flexor tendons at the same time were
not included. P values, odds ratios (OR), and confidence
intervals (CI) from these tests are presented.

RESULTS

SlicerDicer identified a total of 213 patients, six of
whom were excluded due to age younger than 18 years,
and 58 who were excluded because they attended HT at
an outside center. The remaining 149 attended UMass
HT, and these patients were included in the final analysis
(Fig. 1). Of these 149 patients, 86 successfully completed
their entire course of UMass HT, while 63 patients were
lost to follow-up, resulting in a LTFU rate of 42.3%. Please
refer to Table 2 for a summary of the following results.

The average age of patients in the LTFU group was sig-
nificantly less than that of the completion group (P <0.001).
Men were also more likely to be lost to follow-up compared
with women (OR = 2.1; 95% CI, 1.1-4.1; P = 0.038). The
majority of patients in both groups were English-first speak-
ers, followed by Spanish and Portuguese. There were no
significant differences between groups for any languages.
Similarly, all race comparisons (including White, Black,
Hispanic, Asian, and “other”) were nonsignificant.

In the LTFU group, 33.3% had a documented psychi-
atric history, including MDD, bipolar disorder, generalized
anxiety disorder, posttraumatic stress disorder and adjust-
ment disorder. This was significantly more than in the com-
pletion group, which had documented psychiatric history
in 3.5% of cases (two cases of MDD and one case of unspeci-
fied psychosis) (OR =13.8;95% CI, 3.9-49.0; P < 0.001).

In the completion group, educational data were avail-
able for 47 of 86 patients, and of those 47 patients, 29
(61.7%) completed high school or less. In the LTFU group,
educational data were available for 47 of 63 patients, and of
those 47 patients, 38 (80.9%) completed high school or less.
There were significantly more patients with a high school
degree or less in the LTFU group when compared with the
completion group (OR =2.6; 95% CI, 1.1-6.7; P = 0.043).

Patients with flexor
and extensor injuries
between 2014 and 2019

n=213

Patients excluded
due to age
n==6

v

A J

Patients initially
included
n=207

Patients excluded

due to therapy at

outside hospital
n=58

v

A4
Patients included in
final analysis
n=149

Fig. 1. Patients included and excluded. Patients younger than 18
years old were excluded.

Employment status was available for 59 of 63 LTFU and 77
of 86 completion group patients. There were no significant
differences between the LTFU and completion group for
unemployed, part-time, and full-time employment.

The mean distance to UMass Hahnemann Hand
Therapy for the LTFU group was 31.1+26.4 km, while the
mean distance for the completion group was 31.1+33.5
km. This difference was not significant (P = 0.497). It
should be noted that three patients in the completion
group were outliers and not included due to distance away
more than 160 km (100 miles). The majority of patients in
both groups had private insurance, followed by state insur-
ance, and worker’s comp. Three patients in each group
did not have insurance. All comparisons were nonsignifi-
cant. The number of HT weeks suggested by occupational
therapy for the LTFU group was not significantly differ-
ent from the number suggested for the completion group
(9.7+3.8 versus 8.9+3.8, P = 0.630, range: 3-24 weeks).
On average, LTFU patients completed 5.1 weeks (52.6%
of suggested; range: 0-19 weeks) before being lost. Finally,
there were no significant differences in LTFU for patients
undergoing flexor only repairs compared with those
undergoing only extensor repairs (y? = 0.02, P =0.89).

DISCUSSION
Hand therapy after tendon repair is crucial in prevent-
ing complications and regaining function,’ but attrition
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Table 2. Characteristics of Study Participants

Patients P
Characteristic LTFU Completion
Number, n 63 86
Age,y 40.2 (17.0) 49.7 (16.1) <0.001
Gender, n (%) 0.038
Men 45 (71.4) 47 (54.7)
Women 18 (28.6) 39 (45.3)
Language, n (%)
English 57 (90.5) 78 (90.7) 0.964
Spanish 3 (4.7) 3 (3.5) 0.698
Portuguese 2 (3.2) 4 (4.7) 0.651
Albanian 1 (1.6) 1(1.2) 0.822
Race, n (%)
White 46 (73.0) 68 (79.1) 0.391
Black 8 (12.7) 5 (5.8) 0.142
Hispanic 4 (6.3) 6 (7.0) 0.880
Other 4 (6.3) 5 (5.8) 0.892
Multi-racial 1 (1.6) 0 (0.0) 0.242
Asian 0 (0.0) 2 (2.3) 0.224
Insurance, n (%)
Worker’s comp 11 (17.5) 17 (19.8) 0.223
State 23 (36.5) 29 (33.7) 0.725
Private 26 (41.3) 37 (43.0) 0.832
None 3 (4.8) 3 (3.5) 0.698
Psychiatric history* (%) 21 (33.3) 3 (3.5) <0.001
Educationf, n (%) 0.043
High school or less 38 (80.9) 29 (61.7)
College or graduate 9 (19.1) 18 (38.3)
Employment], n (%)
Unemployed 13 (22.0) 16 (20.8) 0.861
Part-time 2 (3.4) 3 (3.9) 0.876
Full time 44 (74.6) 58 (75.3) 0.922

For age, data are presented as the mean (standard deviation).

*Included major depressive disorder, post-traumatic stress syndrome, adjust-
ment disorder, and generalized anxiety disorder.

{Data reported only for patients in which data was available.

can hinder this process. The purpose of this study was
to determine the rate of LTFU after flexor and exten-
sor tendon repairs of the hand, wrist, and forearm, and
to predict factors that contribute to LTFU. In this study,
42% of patients did not complete the entirety of their HT
course. The factors identified to predict LTFU included
male gender, younger age, lower educational level, and a
documented psychiatric history.

Previous studies have proposed similar demographic
factors to predict LTFU. Rosenbaum et al'’ retrospectively
reviewed 2563 upper extremity cases and found that men
were more likely to be lost. Our results corroborate this
finding. Prior studies''®'” have shown men to be less com-
pliant with medical follow-up, possibly because they have
decreased perception of their medical problems when
compared with women.”” Men tend to downplay medical
problems more than women, so perceiving less of a need
to complete HT does not come as a surprise.

Murnaghan? reported that younger patients were
more likely to be lost in a study investigating intraartic-
ular calcaneal fractures. Similarly, Sielatycki et al* also
reported that younger age was associated with LTFU after
spine surgery. Younger patients are more likely to have
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educational and work commitments compared with older
adults who may be retired. Also, younger patients likely
do not fully appreciate the severity of their injuries. This
could be in part because injuries may heal more quickly
and without as many consequences in younger patients.
Finally, younger patients are less likely to have a stable
income, which has been shown to influence LTFU in sur-
gical patients.” However, it should be noted that not all
studies have found age to be a significant predictor.'

Tejwani et al,'® in their study assessing attrition rates
in 293 patients with distal radius fractures, found that
patients who had not surpassed secondary education were
more likely to be lost. This was also the case in the pres-
ent study. Lower levels of education have been linked to
poorer health outcomes,” and this is in part due to lower
levels of income. Patients with lower levels of education
might not completely understand the importance of
therapy and its role in healing, though we realize this may
be unfair speculation. Regardless, increasing time spent
explaining the importance of HT could improve attrition
rates in all populations.

Our study found that a documented psychiatric his-
tory predicted LTFU. A history of MDD has been linked to
increased rates of loss. Kedestig and Stenberg® found that
depression was linked to LTFU in their study of 2495 surgi-
cal patients. Lamers et al'” found that those with comorbid
depression and anxiety were 2.4 times more likely to drop
out. In concordance with those articles, the present study
stresses the importance of mental health and coordinated
care between surgeon and primary care physician and/or
psychiatrist.

In contrast to some studies,”*” we did not find distance
to be a significant predictor of LTFU. This was contrary to
our expectations but has indeed been shown in another
study. Sharif-Askary et al'* investigated LTFU for cleft lip/
palate care at Duke hospitals and found distance was nota
significant factor. Rather, they found “pockets” of high-risk
communities that were more likely to be lost, irrespective
of distance. It has been shown that in rural communities,
like those in central Massachusetts, patients are willing to
drive longer distances for follow-up care,* and this could
explain why we did not find any significance in distance.
Our study did not demonstrate any significant differences
in insurance types, differing from other studies'”* which
have shown that nonprivate insurance is associated with
LTFU. This may have been due to the smaller numbers in
each of the private and nonprivate insurance groups.

Identifying predictors of LTFU is certainly important,
but more important is implementing methods to pre-
vent it. Gourash et al” attempted to longitudinally assess
patients after bariatric surgery, and to increase reten-
tion, they used flexible schedules, shorter visit options,
reminder letters, frequent contact, and reimbursement
for travel. At 12 months, over 98% remained active in
the study. While some of these strategies may not apply to
HT, frequent contact and reminder letters can certainly
be applied to all patients requiring therapy after tendon
repair. A recent 2021 study” contacted and surveyed
patients who were originally lost to follow-up after upper
extremity surgery and found that 65% of these patients
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were unaware that they did not complete follow-up. This
suggests that more frequent contact could prove ben-
eficial by reminding patients to continue care. Further,
49% of patients who knew they did not complete follow-
up stated that an additional intervention would have
encouraged their return to clinic. In our study, younger
patients were more likely to be lost, so to improve attrition
rates in younger patients, using electronic means such
as emails, texts, and social media could be effective.®” A
meta-analysis™ reviewed 28 studies evaluating the effec-
tiveness of short message service (text) in clinic follow-up
and reported an OR of 1.62 (1.35-1.94) of attending a
postoperative visit after short message service messages
were sent. This may be the single-most important means
of improving LTFU, as it serves as a reminder, is not tran-
sient, and targets a population in which texting is the
most common form of communication. Unlike a missed
phone call, a text message literally displays the reminder,
stays on the phone, and is easier to access than voice-
mail or a return phone call. These texts could be done
in several stages, up to a day or two before the scheduled
appointment, though specifics on timing remain to be
investigated.”

Patient education is of paramount importance.
Research® has shown that surgical patients can have poor
medical knowledge, but that knowledge retention can
be improved by a better understanding of risks and con-
sequences. Thus, providing more information via hand-
outs, conversations, or emails/texts about the importance
of HT could improve attrition rates. In addition, with
increasing frequency of out-of-office appointments, tele-
health visits can be offered for patients, especially male
patients who have already missed a scheduled follow-up.
While there are massive benefits to in-person HT appoint-
ments, telehealth visits could at the least help to rees-
tablish contact, to provide education, to partially assess
progress, and to work toward setting up in-person meet-
ings. These meetings could be attempted in the days after
a missed appointment.

This study has several limitations. First, it is retrospec-
tive in nature. Second, it looked at patients in central
Massachusetts, so the generalizability of the study may be
limited. Third, the study used chart review, and some data
were missing for a portion of patients. Fourth, our sam-
ple size was not as robust as expected, as several patients
underwent HT at outside hospitals where we did not have
access to data. Lastly, this study did not assess outcomes.
Future studies should test implementation strategies and
assess functional outcomes of patients with tendon repairs
who are lost and not lost to follow-up. In addition, studies
should be done in other geographic locations, with differ-
ent patient populations, to either corroborate or contra-
dict our findings.

It is clear that HT is an important facet of tendon sur-
gery rehabilitation. Identifying factors that predict LTFU
has the potential to improve attrition rates to HT and ulti-
mately improve patient outcomes. Specific patient popula-
tions deserve more attention, and coordinated care must
be a focus. Future studies are needed to test implemented
strategies and measure patient outcomes.
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