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Abstract

Background: Understanding the recovery trajectory following operative management of ankle fractures can help surgeons
guide patient expectations. Further, it is beneficial to consider the impact of mental health on the recovery trajectory. Our
study aimed to address the paucity of literature focused on understanding the recovery trajectory following surgery for
ankle fractures, including in patients with depressive symptoms.

Methods: From February 2015 to March 2020, patients with isolated ankle fractures were asked to complete Patient-
Reported Outcomes Measurement Information System (PROMIS) Physical Function (PF), Pain Interference (Pl), and
Depression questionnaires as part of routine care at presentation and follow-up time points. Linear mixed effects regression
models were used to evaluate the patient recovery pattern, comparing the preoperative time point to <3 months, 3-6
months, and >6 months across all patients. Additional models that included the presence of depression symptoms as a
covariate were then used.

Results: A total of 153 patients met inclusion criteria. By 3-6 months, PROMIS PF (B: 9.95, 95% Cl: 7.97-11.94, P<.001),
Pl (B: —=10.30, 95% Cl: —11.87 to —8.72, P<.001), and Depression (3: =5.60, 95% CI: =7.01 to —4.20, P<.001) improved
relative to the preoperative time point. This level of recovery was sustained thereafter. When incorporating depressive
symptoms into our model as a covariate, the moderate to high depressive symptoms were associated with significantly and
clinically important worse PROMIS PF (: —4.00, 95% CI: —7.00 to —1.00, P=.01) and PI (B: 3.16, 95% CI: —0.55 to 5.76,
P=.02) scores.

Conclusion: Following ankle fracture surgery, all patients tend to clinically improve by 3-6 months postoperatively and
then continue to appreciate this clinical improvement. Although patients with moderate to high depressive symptoms also
clinically improve following the same trajectory, they tend to do so to a lesser level than those who have low depressive
symptoms.

Level of Evidence: Level lll, case-control study.

Keywords: ankle fracture, depression, mental health, PROMIS, PROMs, value-based health care

Introduction per 100000 in the population per year reported.”!* Although

Ankle fractures are the most common fracture of the foot nonoperative management with cast immobilization or
and ankle,” with incidence rates of between 168.7 and 179 other means (such as walking boots) can be considered for
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stable ankle fractures, a notable portion of all ankle frac-
tures will ultimately require operative treatment (ie, open
reduction and internal fixation [ORIF]).?’ Further, prior lit-
erature has reported that many patients benefit from opera-
tive management of ankle fractures.'®2%3° However, better
understanding the recovery trajectory of patients undergo-
ing operative management for ankle fractures and the
impact of mental health conditions, such as depression, on
recovery trajectories would help trauma and foot and ankle
surgeons better set patient expectations preoperatively and
manage patients during recovery to engage in shared clini-
cal decision-making discussions.

Although prior research has recognized the impact of
depression on surgical outcomes in orthopaedic surgery,>%!?
including in ankle fractures,?!?%3! there is a paucity of lit-
erature examining this association over time in a sample of
operatively treated ankle fractures. Perhaps the best way to
evaluate recovery is using patient-reported outcome mea-
sures (PROMs), which are instruments that measures the
outcomes most important to patients and provide patients
with a greater voice in their own care.! Within foot and
ankle care, the Patient-Reported Outcomes Measurement
Information System (PROMIS) is a recommended set of
standardized outcome measures,'* and they have been
shown to be useful in predicting clinical outcomes in foot
and ankle patients.'? Thus, using PROMIS as a means of
evaluating postoperative recovery in patients undergoing
ORIF for an ankle fracture is important to advance the
understanding of trauma care in the foot and ankle patient
population.

In this study, we asked 3 questions: (1) What is the
recovery pattern, as measured by PROMIS Physical
Function (PF), Pain Interference (PI), and Depression, of
patients undergoing operative management for ankle
fractures? (2) What is the association between moderate
or high levels of depressive symptoms (ie, PROMIS
Depression score=60) and function and pain (ie,
PROMIS PF and PI) during patient recovery following
surgery for ankle fractures? (3) Does changing the cut-off
for moderate or high depressive symptoms (ie, PROMIS
Depression =55 or =65) alter the association between
depressive symptoms and function and pain (ie, PROMIS
PF and PI) during patient recovery following surgery for
ankle fractures?

Materials and Methods

This retrospective observational study used data from our
institutional PROMIS data repository, which is collected
prospectively as part of routine clinical foot and ankle
care.”* Patients diagnosed with an isolated ankle fracture
undergoing operative management between February 2015
and March 2020 were identified using Current Procedural
Terminology (CPT) codes (27766, 27792, 27814, 27822,
and 27823). In order to be included in our study, patients
were required to have at least 1 preoperative and 1 postop-
erative visit with PROMIS PF, PI, and/or Depression ques-
tionnaires completed. Preoperative visits were required to
be within 90 days of surgery to be included. Initially, 411
patients were identified. Of those, 27 patients (6.6%) were
excluded because they had no complete PROMIS evalua-
tions within the study time frame. An additional 209
patients (51%) were excluded because they lacked com-
pleted preoperative PROMIS evaluations but had postop-
erative PROMIS evaluations. Lastly, 22 patients (5.4%)
were excluded because they had no postoperative PROMIS
questionnaires completed. This left a total of 153 patients
(37%) for our study. Importantly, using chi-square and
Kruskal-Wallis tests to compare the distribution of charac-
teristics, patient characteristics among those patients
included compared with those patients excluded were
largely similar (Appendix A).

PROMIS domains were developed through support from
the US National Institutes of Health (NIH).? Each question-
naire produces a ¢ score that is normed to the general US
population, with a mean ¢ score of 50 and SD of 10.!! For all
domains, higher PROMIS scores represent more of the con-
struct being measured, whereas lower PROMIS scores rep-
resent less of the construct being measured. For example,
higher PROMIS Depression scores represent greater levels
of depressive symptoms, whereas lower PROMIS PF scores
suggest decreased functional ability.

In prior literature, PROMIS Depression scores of =60
have constituted moderate depression,” and this has been
robustly validated using the Patient Health Questionnaire
(PHQ)-9 to PROMIS Depression.* Thus, for our baseline
assessment analyzing the association of moderate or severe
depression on functional and pain outcomes, we used this
PROMIS Depression threshold score. When doing so,
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Table |. Patient Characteristics (Low Depressive Symptoms: PROMIS Depression Score <60 vs Moderate to High Depressive
Symptoms: PROMIS Depression Score =60).
Low Depressive Symptoms Moderate to High Depressive Symptoms Total
Characteristic (n=116) (n=37) (n=153) P Value
Sex, n (%)
Female 56 (48) 24 (65) 80 (52) 12
Male 60 (52) 13 (35) 73 (48)
Race, n (%)
Not White 15 (13) 9 (24) 24 (16) .16
White 101 (87) 28 (76) 129 (84)
Ethnicity, n (%)
Hispanic 6 (5.1) 2 (5.4) 8(5.2) 71
Not Hispanic 110 (95) 35 (95) 145 (95)
Marital status, n (%)
Married 55 (47) 9 (24) 64 (42) .02
Single 61 (53) 28 (76) 89 (58)
Age, mean (SD) 44 (18) 43 (18) 45 (30, 59) .58
Day of evaluation prior to -5(-8,-2) -4 (-8, 0) -4 (-7,-1) .87
surgery, median (IQR)
Insurance, n (%)
Commercial 79 (68) 16 (43) 95 (62) .0l
Other 37 (32) 21 (57) 58 (38)
BMI, mean (SD) 30 (6.6) 31 (7.0) 29 (25, 34) 33
Underlying conditions, n (%)
0 90 (78) 29 (78) 119 (78) A48
| 19 (16) 4(11) 23 (15)
=2 7 (6.0) 4(11) 11(7.2)

Abbreviations: BMI, body mass index; IQR, interquartile range; PROMIS, Patient-Reported Outcomes Measurement Information System.

patient characteristics among those patients who had mod-
erate to high depressive symptoms were largely similar to
those patients who had low levels of depressive symptoms
after comparing the distribution of characteristics using chi-
square and Mann-Whitney U tests (Table 1). The 2 excep-
tions were that patients with low depressive symptoms were
more likely to be married (55 of 116 [47%] vs 9 of 37
[24%], P=.02) and more likely to have commercial health
insurance (79 of 116 [68%] vs 16 of 37 [43%], P=.01).

Statistical Analysis

To address the first study question, linear mixed effects
regression models'” were used to assess for differences in
PROMIS PF, PI, and Depression at each time point (preop-
erative, <3 months, 3-6 months, and >6 months) when
accounting for other patient and procedure characteristics.
Patient and procedure characteristics controlled for included
age (years), gender (male or female), self-reported race
(White or not White), ethnicity (Hispanic or not Hispanic),
marital status (married or not married), insurance type
(commercial or other), body mass index (BMI), CPT code
(27766, 27792, 27814, 27822, 27823), and underlying con-
ditions (0, 1, =2). Underlying conditions included AIDS/

HIV, cancer, metastatic cancer, stroke, pulmonary disease,
congestive heart failure, dementia, diabetes with complica-
tion, diabetes without complication, hemiplegia or paraple-
gia, mild liver disease, moderate or severe liver disease,
myocardial infarction, peptic ulcer disease, peripheral vas-
cular disease, renal disease, and rheumatic disease.

To address the second study question, similar statistical
methods were used to assess for differences in PROMIS
PF and PI at each time point (preoperative, <3 months,
3-6 months, and >6 months) while also controlling for
preoperative PROMIS Depression and accounting for
other confounding patient and procedure characteristics.
In this case, the additional PROMIS Depression score cat-
egorical covariate was created as follows: low or moderate
to high depressive symptoms (low depressive symptoms:
PROMIS Depression < 60; moderate to high depressive
symptoms: PROMIS Depression = 60). The preoperative
PROMIS Depression score was used to make this determi-
nation. A total of 116 patients (76%) were included in the
low depressive symptoms subgroup, whereas 37 patients
(24%) were included in the moderate to high depressive
symptom subgroup.

Lastly, to address our third study question, a sensitivity
analysis was conducted using similar statistical methods by
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using additional preoperative PROMIS Depression stratifi-
cation scheme: one with a PROMIS Depression score cut-
off of =55 and one with a PROMIS Depression score
cut-off of =65. Each of the selected values for the sensitiv-
ity analysis are considered a minimal clinically important
difference (MCID) using a distribution-based approach of
one-half of 1 SD,? which for PROMIS domains is equiva-
lent to a ¢ score of 5 points. However, when evaluating our
findings, we also used additional distribution-based and
anchor-based MCID estimates, which begin at a ¢ score dif-
ference of 3 for both PROMIS PF and PI."

Results

A total of 153 patients met inclusion criteria (Table 1). The
average age was 45 years (range, 30-59years) and just
over half of the sample was female (n=80 [52% of 153])
(Table 1). Across all included patients, the median number
of days patients were evaluated prior to surgery was 4 days
(interquartile range [IQR] —7days to —1day) (Table 1). At
the preoperative, <<3- month, 3-6-month, and >6-month
time points, we had complete data on 153 (116 patients
with low depressive symptoms [76% of 153 patients]), 153
(116 patients with low depressive symptoms [76% of 153
patients]), 82 (61 patients with low depressive symptoms
[74% of 82 patients]), and 58 patients (43 patients with low
depressive symptoms [74% of 58 patients]), respectively.
The cut-off used in this initial designation of low vs moder-
ate to high depressive symptoms was a PROMIS Depression
t score of 60. The average PROMIS PF ¢ score at presenta-
tion for the low depressive symptoms patient group was sig-
nificantly better than the moderate to high depressive
symptoms patient group (34.74 [SD: 13.28] vs 28.55 [SD:
9.05], P=.01). There was no difference in the average
PROMIS PI ¢ score at presentation for the low depressive
symptoms patient group and was significantly better than the
moderate to high depressive symptoms patient group (63.03
[SD: 9.84] vs 66.69 [SD: 6.53], P=.09).

There was no statistical difference in PROMIS PF
scores between preoperative and 0-3 months following sur-
gery (B: —0.91, 95% CI: —2.50 to 0.68, P=.26) (Table 2).
However, although both PROMIS PI (B: —3.64, 95% CI:
—4.89 to —2.38, P<.001) and Depression (: —1.41, 95%
CI: —2.52 to —0.30, P=.01) scores statistically improved,
only PROMIS PI did so to an appreciable level when con-
sidering the range of previously published MCID esti-
mates. By 3-6 months, PROMIS PF (B: 9.95, 95% CI:
7.97-11.94, P<.001), PI (B: —10.30, 95% CI: —11.87 to
—8.72, P<.001), and Depression (3: —5.60, 95% CI: =7.01
to —4.20, P <.001), all statistically and clinically improved
from the preoperative time point. This level of clinical
improvement compared to the preoperative time point
remained consistent at >6 months postoperatively for all
PROMIS domains.

When incorporating depressive symptoms into our
model as a covariate, we discovered that moderate to high
depressive symptoms were associated with significantly
and clinically appreciable worse PROMIS PF scores (B:
—4.00, 95% CI: —7.00 to —1.00, P=.01) (Table 3). Similarly,
we discovered that moderate to high depressive symptoms
were associated with significantly and clinically apprecia-
ble worse PROMIS PI scores (B: 3.16, 95% CI: —0.55 to
5.76, P=.02). Thus, although all patients clinically improve
following surgery for ankle fractures, those with moderate
to high depressive symptoms do so to a lesser extent.

When incorporating depressive symptoms into our
model as a covariate with a cut-off PROMIS Depression
score of =55, we found that moderate to high depressive
symptoms were associated with significantly and clini-
cally appreciable worse PROMIS PF scores (fB: —3.04,
95% CI: —=5.63 to —0.45, P=.02) (Table 4). Similarly, we
discovered that when moderate to high depressive symp-
toms were determined with a cut-off PROMIS Depression
score of =65, they were associated with significantly and
clinically appreciable worse PROMIS PF scores (B:
—5.26, 95% CI: —9.73 to —0.80, P=.02). These findings
were fairly consistent with the main analysis PROMIS
Depression cut-off of 60.

When incorporating depressive symptoms into our
model as a covariate with a cut-off PROMIS Depression
score of =55, we found that moderate to high depressive
symptoms were associated with significantly and clinically
appreciable worse PROMIS PI scores (B: 3.60, 95% CI:
1.39-5.81, P<.01) (Table 5). In contrast, we noted that
when moderate to high depressive symptoms were deter-
mined with a cut-off PROMIS Depression score of =65, we
found that moderate to high depressive symptoms were not
associated with PROMIS PI scores (3: 3.12, 95% CI: —0.77
to 7.01, P=.12). These findings were fairly consistent with
the main analysis PROMIS Depression cut-off of 60.

Discussion

Ankle fractures are common injuries to the lower extremity
that often require operative management. In a large major-
ity of cases, surgery for this injury leads to positive clinical
outcomes.'32>239 However, an understanding of the recov-
ery pattern using the patient’s own voice via validated
PROMs is not well documented in the literature but could
help trauma and foot and ankle surgeons set preoperative
patient expectations, engage in shared clinical decision-
making discussions, and more easily monitor expected
clinical improvement. In the present study, we found
patients tend not to clinically improve within the first 3
months following surgery for ankle fractures; by 3-6
months postoperatively, patients tend to clinically improve
and remain at the same improved functional, pain, and
mental health levels through 1 year postoperatively. In
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Table 2. Evaluation of the Recovery Trajectory of All Patients With Ankle Fractures Undergoing Operative Management Using

PROMIS Domains.

PROMIS Physical Function Trend

PROMIS Pain Interference Trend

PROMIS Depression Trend

Lower CI Upper CI
B (2=0.05) (¢=0.05) PValue B

Lower ClI Upper CI
(=0.05) (a=0.05) PValue 8

Lower ClI Upper CI
(¢=0.05) (a=0.05) P Value

Month

0 Reference

>0, =3 -091 -2.50 0.68 26 —-3.64

>3, =6 9.95 7.97 11.94 <.01* -10.30

>6 1237 10.09 14.64 <.0l* -10.28
Gender

Female Reference

Male 2.55 -0.03 5.13 .05 -0.96
Race

Not White Reference

White -0.39 -4.21 342 84 -047
Ethnicity

Hispanic Reference

Not Hispanic  4.05 —1.67 9.76 A7 -4.13
Marital status

Married Reference

Single -091 -3.96 2.14 .56 -0.96
Age -0.11  -0.21 -0.02 .02* 0.08
CPT code

27766 Reference

27792 0.40 -5.07 5.86 .89 2.62

27814 1.38 -3.8lI 6.57 .60 0.02

27822 351 =197 8.99 21 -3.67

27823 -1.65 -8.03 4.73 61 3.88
Insurance

Commercial Reference

Other -1.76 -4.64 .13 23 2.62
BMI 0.19 -0.0l 0.38 .06 -0.15
Number of underlying conditions

0 Reference

| -0.22 -3.76 3.33 91 1.29

=2 -2.75 -8.18 2.69 32 3.57

Reference Reference
-4.89 -238 <.0I* -14I -2.52 -0.30 01*
-11.87 -872 <.0I* =560 -7.0I -4.20 <.0l*
-12.08 -848 <.0I* =50l —-6.63 -3.40 <.0l*
Reference Reference
-3.19 1.27 40 -4.19 -7.07 -1.31 <.0l*
Reference Reference
-3.76 2.82 78 =324 -748 1.00 .14
Reference Reference
-9.05 0.80 10 -565 -11.98 0.68 .08
Reference Reference
-3.59 1.68 48 -026 -3.66 3.15 .88
-0.01 0.16 .08 0.00 -0.10 0.11 95
Reference Reference
-2.09 7.33 .28 1.79 -4.27 7.84 .56
-4.45 4.49 99 -095 -6.69 4.79 .75
-8.39 1.05 A3 =336 -943 2.71 .28
-1.62 9.38 A7 207 -5.00 9.14 .57
Reference Reference
0.13 5.10 .04* 398 0.78 7.18 .02%*
-0.31 0.02 .08 -0.0l -0.23 0.20 92
Reference Reference
-1.78 4.36 41 -454 -85] -0.57 .03*
-1.12 8.27 .14 456 -—1.53 10.64 .14

Abbreviations: BMI, body mass index; CPT, Current Procedural Terminology; PROMIS, Patient-Reported Outcomes Measurement Information System.

“Statistically significant (P < .05).

addition, moderate to high depressive symptoms are asso-
ciated with clinically worse functional and pain outcomes
over time; importantly, however, patients with moderate to
high depressive symptoms still appreciably improve from
surgery but simply not to the same extent as those without
moderate to high depressive symptoms. The association
between moderate to high depressive symptoms and func-
tional outcomes following ankle surgery remains regard-
less of whether the PROMIS Depression threshold score
for moderate to high depressive symptoms used was 55,
60, or 65. Our work further highlights the importance of
the biopsychosocial model of care in ankle fracture care
that has previously been emphasized.*’

We found that patients with ankle fractures requiring
operative management improve across all PROMIS
domains (ie, PF, PI, and Depression) to a clinically appre-
ciable level between 3 and 6 months postoperatively.
Further, clinical improvement plateaus between 3 and 6
months, yet, importantly, appreciable functional and pain
improvement continues past 6 months and up through 1
year postoperatively. By understanding this typical recov-
ery trajectory, trauma and foot and ankle surgeons can bet-
ter set patient expectations preoperatively. This is crucial to
patient-centered care in the setting of ankle fractures, which
can be devastating to patients and their lives,?° as research
has shown that optimizing patient expectations can improve
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Table 3. Evaluation of the Recovery Trajectory of Patients With Ankle Fractures Undergoing Operative Management When

Considering Depressive Symptoms.

Physical Function

Pain Interference

Lower CI Upper ClI Lower CI Upper CI
B (ce=0.05) (ae=0.05) P Value B (ae=0.05) (ce=0.05) P Value

Depression

Low (=60) Reference Reference

High (>60) -4.00 -7.00 -1.00 01* 3.16 0.55 5.76 *
Month

0 Reference Reference

>0, =3 -0.91 -2.50 0.68 .26 -3.64 -4.89 -2.38 <.0l*

>3, <6 9.99 8.00 11.97 <.0l* -10.32 -11.89 -8.74 <.0lI*

>6 12.36 10.09 14.63 <.0l* -10.29 -12.09 —-8.48 <.0l*
Gender

Female Reference Reference

Male 1.91 -0.66 4.48 15 -0.46 -2.69 1.77 .69
Race

Not White Reference Reference

White -0.69 -4.42 3.04 72 -0.23 -3.46 3.00 .89
Ethnicity

Hispanic Reference Reference

Not Hispanic 4.05 -1.53 9.63 .16 -4.15 -8.98 0.69 .09
Marital status

Married Reference Reference

Single -0.30 -3.31 2.71 .85 —1.44 -4.05 1.18 .28
Age =-0.11 -0.21 -0.02 .02* 0.08 -0.01 0.16 .07
CPT code

27766 Reference Reference

27792 0.48 -4.85 5.82 .86 2.55 -2.08 7.17 .28

27814 0.74 -4.35 5.83 .78 0.53 -3.88 4.94 .82

27822 293 -2.44 8.30 .29 -3.22 -7.87 |.44 .18

27823 -1.24 -7.48 5.00 .70 3.57 -1.83 8.98 .20
Insurance

Commercial Reference Reference

Other -1.02 -3.90 1.85 49 2.04 -0.45 453 Nl
BMI 0.20 0.0l 0.39 .04* -0.16 -0.32 0.00 .05
Number of Underlying Conditions

0 Reference Reference

| -0.71 -4.19 2.77 .69 1.68 -1.35 4.70 .28

=2 -2.62 -7.93 2.69 33 3.46 -1.15 8.07 .14

Abbreviations: BMI, body mass index; CPT, Current Procedural Terminology.
*Statistically significant (P < .05).

patient outcomes themselves,*? as well improve postopera-
tive satisfaction.!®

The impact of mental health, especially depression, on
clinical outcomes in orthopaedic surgery is well docu-
mented.>*!1%2128 However, we sought to move beyond this
common knowledge by better understanding the associa-
tion of moderate or high levels of depression, defined in
our primary analysis as a PROMIS Depression score = 60,
occurring at different time frames during the recovery
phase following operative management of ankle fractures.

Moderate or high levels of depressive symptoms were
associated with worse PROMIS PF and PI scores at the
preoperative visit, as well as at each time frame following,
compared with low levels of depressive symptoms.
However, and important to note, patients with moderate or
high levels of depressive symptoms still demonstrated clin-
ically appreciable functional and pain improvement (ie,
they achieve MCID), albeit not to the same extent as those
with low levels of depressive symptoms. This is consistent
with prior literature in hip, knee, and shoulder total joint
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Table 4. Evaluation of the Functional (ie, PROMIS PF) Recovery Trajectory of Patients With Ankle Fractures Undergoing Operative
Management When Considering Different PROMIS Depression Cut-Offs.

Depression Cutoff: 55

Depression Cutoff: 65

Lower CI Upper CI Lower CI Upper CI
B (c0=0.05) (ae=0.05) P Value B (ce=0.05) (ce=0.05) P Value

Depression

Low (=cutoff) Reference Reference

High (>cutoff) -3.04 -5.63 -0.45 .02* -5.26 -9.73 -0.80 .02*
Month

0 Reference Reference

>0, =3 -0.91 -2.50 0.67 .26 -0.91 -2.50 0.68 .26

>3, =6 9.97 7.98 11.95 <.01I* 9.96 7.98 11.94 <.0I*

>6 12.37 10.10 14.64 <.0lI* 12.36 10.09 14.63 <.0l*
Gender

Female Reference Reference

Male 2.02 -0.56 4.60 A3 2.25 -0.31 4.80 .09
Race

Not White Reference Reference

White -0.39 -4.13 3.36 .84 -0.99 -4.78 2.79 .61
Ethnicity

Hispanic Reference Reference

Not Hispanic 4.09 -1.53 9.71 15 3.26 -2.40 891 .26
Marital status

Married Reference Reference

Single -0.77 -3.77 2.23 .62 -1.17 -4.18 1.84 45
Age -0.12 -0.21 -0.02 .02* -0.12 -0.22 -0.03 01*
CPT code

27766 Reference Reference

27792 0.55 -4.82 5.92 .84 0.25 =5.12 5.62 93

27814 1.07 -4.04 6.18 .68 0.48 —4.68 5.63 .86

27822 2.55 -2.90 8.00 .36 2.73 -2.70 8.16 32

27823 -1.16 -7.45 5.13 72 -2.13 -8.4| 4.16 51
Insurance

Commercial Reference Reference

Other -1.10 -4.00 1.79 46 -0.96 -3.87 1.96 .52
BMI 0.18 -0.01 0.37 .06 0.20 0.0l 0.39 .04*
Number of underlying conditions

0 Reference Reference

| -0.52 -4.02 2.98 77 -0.76 -4.28 2.75 .67

=2 -2.22 -7.58 3.14 42 -2.45 -7.80 2.90 37

Abbreviations: BMI, body mass index; CPT, Current Procedural Terminology; PF, Physical Function; PROMIS, Patient-Reported Outcomes Measurement

Information System.
*Statistically significant (P < .05).

arthroplasty.!%3* Unique to our study is that ankle fractures
are not prescheduled, elective surgical procedures; there-
fore, even in the setting of traumatic injury, this important
finding is present.

Although the moderate to high depressive symptoms
cut-off we used is noted in the literature,** we believe it is
important to conduct a sensitivity analysis to ensure our
findings are consistent across a variety of cut-off values
surgeons may use. Specifically, we wanted to utilize

5-point increments, which is half of the designed PROMIS
domains SD, to align with a commonly used MCID esti-
mate approach of one-half of 1 SD.?> When doing so, we
found our findings were generally consistent with those
found with our initial moderate to high depressive symp-
toms cut-off of a PROMIS Depression score = 60. The one
exception was PROMIS PI with a PROMIS Depression
cut-off of =65; in this setting, moderate to high depressive
symptoms were not found to be associated with worse
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Table 5. Evaluation of the Pain (ie, PROMIS PI) Recovery Trajectory of Patients With Ankle Fractures Undergoing Operative
Management When Considering Different PROMIS Depression Cut-Offs.

Depression Cutoff: 55

Depression Cutoff: 65

Lower CI Upper ClI Lower CI Upper CI
B (a=0.05) (a=0.05) P Value B (a=0.05) (ce=0.05) P Value

Depression

Low (=cutoff) Reference Reference

High (>cutoff) 3.60 1.39 5.81 <.0lI* 3.12 -0.77 7.01 12
Month

0 Reference Reference

>0, =3 -3.64 -4.89 -2.38 <.0lI* -3.64 -4.89 -2.38 <.0lI*

>3, <6 -10.30 -11.87 -8.73 <.0l* -10.30 -11.87 -8.72 <.0lI*

>6 -10.29 -12.09 -8.49 <.01I* -10.28 -12.08 —-8.48 <.0l*
Gender

Female Reference Reference

Male -0.34 -2.54 1.86 76 -0.78 -3.00 |.44 49
Race

Not White Reference Reference

White -0.47 -3.67 2.72 77 =0.11 -3.40 3.19 95
Ethnicity

Hispanic Reference Reference

Not Hispanic -4.20 —-8.98 0.58 .08 -3.67 -8.58 1.25 .14
Marital status

Married Reference Reference

Single -1.12 —-3.68 1.44 .39 -0.80 -3.42 1.82 .55
Age 0.08 0.00 0.16 .06 0.08 0.00 0.16 .06
CPT code

27766 Reference Reference

27792 243 -2.14 7.00 .30 2.70 -1.97 737 26

27814 0.38 -3.96 4.73 .86 0.55 -3.93 5.03 .8l

27822 -2.55 -7.18 2.09 .28 -3.21 -7.93 1.50 .18

27823 3.31 -2.04 8.66 23 417 -1.30 9.63 A3
Insurance

Commercial Reference Reference

Other |.85 -0.61 4.31 .14 2.14 -0.40 4.68 .10
BMI -0.14 -0.30 0.02 .08 -0.16 -0.32 0.01 .06
Number of underlying conditions

0 Reference Reference

| |.65 -1.34 4.63 .28 1.61 —-1.45 4.68 .30

=2 2.92 -1.65 7.50 21 3.39 -1.27 8.05 15

Abbreviations: BMI, body mass index; CPT, Current Procedural Terminology; Pl, Pain Interference; PROMIS, Patient-Reported Outcomes Measurement

Information System.
*Statistically significant (P < .05).

PROMIS PI scores. However, we believe this is due to the
limited number of patients with such scores in the 3-6
months postoperative bin (n=7) and >6 months postop-
erative bin (n=7). Further work with larger numbers
would be needed to verify that our findings are, in fact,
due to this one subanalysis being underpowered. Lastly,
although some may argue that keeping PROMIS
Depression as a continuous variable is preferred, we would
counter by noting that unless a change in score meets an

MCID estimate, that value is likely not clinically useful.
Indeed, by conducting a sensitivity analysis with PROMIS
scores varying by 5 points, we believe we have captured
the key takeaway messages in the most usable format.
Further, from a statistical standpoint, the relationship
between PROMIS Depression scores and PROMIS PF and
PI scores could be nonlinear. This is an important concept
to consider because nonlinearity can only be captured by a
categorical specification.
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Our study has limitations. First, our patient sample was
taken from a single urban, academic, level I trauma center.
Thus, our findings may not be generalizable to all settings.
However, because one of the inclusion criteria was the pres-
ence of preoperative PROMIS scores, polytrauma and emer-
gency cases that did not have a clinic visit prior to surgery
would not have been included. Therefore, the patient cases
that were included are likely more representative of the gen-
eral ankle fracture population. Second, because of the limita-
tions of our institutional database, we grouped all ankle
fractures into a single patient sample. It is possible that the
recovery trajectory is impacted by the type of ankle fracture,
as measured by the AO/OTA Classification, for example.
However, we believe that the general recovery pattern is
likely similar, which is supported in the literature as well.’
Further, all ankle fractures in our study were operatively
managed. Additionally, previous studies have also evaluated
clinical outcomes across multiple different ankle fracture
types as a single patient sample.®?* Indeed, we believe this
study provides a crucial framework on expected recovery
patterns and lays the groundwork for future, more specific
studies in this area. Third, we do not have the ability to assess
each included patient’s education level or employment type.
We are also unable to assess whether included patients have
an official diagnosis of depression (and/or other mental ill-
nesses) and are being treated for such diagnoses. However,
our sample was derived from a diverse population, and we
believe these characteristics would not impact the overall
trends appreciated. Fourth, we do not have complete PROMIS
data for every patient at every follow-up time point, and our
sample size (N) decreased to 58 patients by the final follow-
up time point. The linear mixed effects regression models
approach allows for missing data and is recognized as a pre-
ferred statistical approach capable of using all or nearly all
available data in a clinical repeated measures design, such as
a recovery pattern.!” Therefore, we believe our approach and
findings offer notable value in understanding recovery fol-
lowing operative management of ankle fractures and the
association of moderate and high depressive symptoms on
that expected recovery more robustly.

Overall, our study helps provide trauma and foot and
ankle surgeons an estimate of the recovery trajectory for
patients undergoing operative management for ankle frac-
tures. Further, we assess the association of mental health on
this recovery trajectory, finding that patients with moderate
to high depressive symptoms still improve from surgery for
ankle fractures but not to the same extent as those with low
depressive symptoms. We believe this is an important
patient group to analyze because of the unexpected nature
of ankle fractures. Future research on this topic that assesses
patients with ankle fractures undergoing nonoperative man-
agement is warranted. Further, future work should seek to
understand whether efforts to optimize mental health

well-being in patients with moderate or high depressive
symptoms preoperatively would lead to functional and pain
improvements postoperatively that are more similar to those
of patients without such depressive symptoms. If this is the
case, the impact of behavioral health initiatives along with
physical therapy for musculoskeletal recovery may be
worth delaying surgery to improve clinical outcomes for
such patients. Nonetheless, our current findings can help
improve patient expectation settings preoperatively, guide
shared clinical decision-making discussions, and assist in
the monitoring of expected patient recovery following oper-
ative management for an ankle fracture.
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Appendix A. Patient Characteristics.

Excluded cohort Included cohort Total
n=258 n=153 n=411
Characteristic Mean or n SD or % Mean or n SD or % Mean or n SD or % P Value
Age, mean (SD) 51 19 44 18 48 19 <.001
BMI, mean (SD) 31 7 30 7 30 7 42
Sex, n (%)
Female 140 54 80 52 220 54 77
Male 118 46 73 48 191 46
Race, n (%)
Not White 49 19 24 16 73 18 48
White 209 8l 129 84 338 82
Ethnicity, n (%)
Hispanic 13 5 8 5 21 5 .88
Not Hispanic 245 95 145 95 390 95
Marital status, n (%)
Married 104 40 64 42 168 4] .84
Single 154 60 89 58 243 59
Insurance
Commercial 138 53 95 62 233 57 .02
Other 120 47 58 38 178 43
Underlying conditions, n (%)
0 187 72 119 78 306 74 42
| 52 20 23 15 75 18
2+ 19 7 Il 7 30 7

Abbreviation: BMI, body mass index.



