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Patients Who Undergo Rotator Cuff Repair Can Safely
Return to Driving at 2 Weeks Postoperatively
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Investigation performed at the Carilion Clinic Institute for Orthopaedics and Neurosciences, Roanoke, Virginia

Background: Evidence-based guidelines are lacking for return to driving following rotator cuff repair (RCR). As a result,
surgeons are often overly conservative in their recommendations, placing potential undue burden on patients and their
families. Therefore, the primary objective of this study was to formulate evidence-based return-to-driving guidelines.

Methods: Thirty-two subjects planning to undergo primary RCR were enrolled. Driving fitness was assessed in a natu-
ralistic setting with an instrumented vehicle on public streets with a safety monitor onboard. Driving kinematic measures
and behavioral data were obtained from vehicle data and camera capture. Several driving tasks and maneuvers were
evaluated, including parking, left and right turns, straightaways, yielding, highway merges, and U-turns. The total course
length was 15 miles (24 km) and the course took 45 to 55 minutes to complete. The subjects’ baseline drive was
performed prior to RCR and postoperative drives occurred at 2, 4, 6, and 12 weeks after RCR. All drives consisted of
identical routes, tasks, and maneuvers. Driving metrics were analyzed for differences between baseline and postoperative
drives, including differences in gravitational force equivalents (g).

Results: Twenty-seven subjects (mean age, 58.6 years [range, 43 to 68 years]) completed all 5 drives. Of the 13
analyzed kinematic metrics measured from 14 of 17 driving events, all exhibited noninferiority across all postoperative
drives (2 to 12 weeks) after RCR compared with baseline. Beginning at postoperative week 2, subjects generally braked
less aggressively, steered more smoothly, and drove more stably. Kinematic metrics during the performance of specific
maneuver types also showed noninferiority when compared with baseline. Of note, subjects drove more smoothly on
highway merges starting at postoperative week 2 (minimum longitudinal acceleration, —0.35 g [95% confidence interval
(Cl), —0.050 to —0.019 gJ; standard deviation of longitudinal acceleration, 0.008 g [95% CI, 0.003 to 0.013 gJ), but
exhibited more aggressive driving and acceleration on highway merges at postoperative week 12 (maximum absolute yaw,
—0.8°/sec [95% CI, —1.2°/sec to —0.4°/sec]).

Conclusions: Patients showed no clinically important negative impact on driving fitness as early as 2 weeks after RCR.
Adaptive behaviors were present both preoperatively and postoperatively.

Level of Evidence: Prognostic Level Il. See Instructions for Authors for a complete description of levels of evidence.

riving a personal vehicle is a near-ubiquitous need
D in the United States, evidenced by the 229 million
licensed drivers, each traveling, on average, 14,000 miles
(22,530 km) annually'. Driving oneself provides independence
when help or public transportation is not available and is

important for social engagement®. Social engagement has been
linked to improved physical and mental health, especially in adults

>50 years of age’. Therefore, any surgical interventions that have
surgeon-imposed driving restrictions, such as rotator cuff repairs
(RCRs), are potentially detrimental to patients’ overall well-being.
A 2008 survey revealed that more than three-fourths of ortho-
paedic patients view driving restrictions as a difficulty”.

Despite >300,000 RCRs performed annually in the
United States’, return-to-driving recommendations after RCR
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lack evidence-based guidelines. The most recent driving
guidelines provided by the U.S. National Highway Traffic Safety
Administration have no return-to-driving recommendations
following RCR®. In the guidelines, only 2 studies evaluated
upper-extremity impairment, both case-control studies ana-
lyzing upper-limb casts on healthy volunteers™, not taking into
account previously developed compensatory driving behaviors
or postoperative sling use. Consequently, many surgeons rec-
ommend overly cautious driving restrictions for patients
undergoing RCR: sling use for 4 to 6 weeks’, during which the
patients are restricted from driving.

Contemporary research on return to driving following RCR is
primarily limited to survey-based designs, utilizing questionnaires
administered weeks to years after the surgical procedure, asking
patients when they returned to driving, allowing for recall and
nonresponse biases'* %, The only study to examine patients after RCR
used an 8-minute video simulator and concluded that sling
immobilization decreased driving fitness for up to 6 weeks”. How-
ever, that study was limited by the unrealistic simulator environment,
raising questions regarding its applicability to real-life driving".

Previously, our group evaluated driving fitness after
modeled carpal tunnel release using instrumented vehicles in an
on-road experimental design and discovered that the subjects
modified their behavior to adapt to physical limitations, thus
mitigating the effect of the postoperative state'’. Here, we sought
to examine if patients who had undergone RCR would similarly
modify their behavior to adapt to their physical limitations
and mitigate any postoperative effects. Therefore, the primary
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Safety monitor setup.

Fig. 1
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objective of this study was to evaluate driving fitness and adaptive
behavior in patients before and after undergoing RCR.

Materials and Methods
P atients scheduled to undergo RCR were approached to
participate in the study. Inclusion criteria were primary
RCR (Current Procedural Terminology [CPT] code 29827), no
other medical condition that impairs driving, age between 40 and
69 years, ability to drive independently preoperatively with a valid
driver’s license, and prescription of the postoperative use of a sling
until postoperative week 6, with discontinuation afterwards. The
exclusion criteria applied were patients undergoing revision
procedures; patients taking chronic narcotics, benzodiazepines,
and/or other drugs impairing reaction time; patients for whom
the surgeon did not think that it was medically safe to drive under
the experimental conditions; and patients who were undergoing
concomitant procedures other than subacromial decompression,
biceps tenodesis or tenotomy, distal clavicle excision, and/or
extensive debridement. Extensive debridement is defined by CPT
code 29823 to be debridement of >3 discrete structures (e.g.,
humeral bone, humeral articular cartilage, glenoid bone, glenoid
articular cartilage, biceps tendon, biceps anchor complex, labrum,
articular capsule, articular side of the rotator cuff, bursal side of
the rotator cuff, subacromial bursa, foreign body/[ies]).

Study data were collected and managed using Research
Electronic Data Capture (REDCap) tools hosted at Carilion
Clinic'®". The oversight of this study was provided by Carilion
Clinic’s institutional review board.

Steering wheel
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Fig. 2
Patient enrollment flowchart.

Subjects performed a 45 to 55-minute baseline drive on a
combination of suburban, urban, and highway public roads (see
Appendix 1). All driving and parking tests were completed with
1 of 5 safety monitors in the rear seat. The safety monitor pro-
vided procedural and navigation instructions to subjects and was
equipped with an emergency steering wheel and brake (Fig. 1).

After the baseline drive, subjects underwent arthroscopic
RCR performed by 1 of 4 board-certified orthopaedic hand sur-
geons. Additional procedures performed during the RCR were
limited to subacromial decompression, biceps tenodesis or
tenotomy, distal clavicle excision, and/or extensive debridement.
Subjects returned at 2, 4, 6, and 12 weeks after the RCR for their
postoperative drives. All drives were identical in route. The
postoperative pain management protocol was hydrocodone-
acetaminophen 5/325 mg, 1 to 2 tablets every 4 to 6 hours as
needed for the first 5 days, with naproxen 500 mg every 12 hours
prescribed thereafter. A postoperative physical therapy regimen
consisting of passive motion (phase 1), active motion (phase 2),
and then resistive motion (phase 3) was incorporated for 12 weeks
(weeks 1 through 4 were patient-directed, and the patient un-
derwent formal physical therapy afterwards). In phase 1, weeks
1 through 4 included hand, wrist, and elbow motion, with pen-
dulum warm-ups for weeks 2 through 4. Weeks 5 and 6 included
passive range of motion with supine full external rotation, forward
elevation, and internal rotation. In phase 2, active range of motion
with passive stretching was prescribed, with pendulum warm-ups.
Weeks 7 and 8 included supine-seated full external rotation, for-
ward elevation, and internal rotation. In phase 3, external rotation
and internal rotation, standing forward punch, seated rowing,
shoulder shrugs, bicep curls, and bear hugs were prescribed, with
warm-ups to start, with continuation of phase 2 exercises. Week
10 allowed for weight training (hands within eyesight, elbows
bent, minimization of overhead activities).

Driving fitness, as measured through kinematic data, was
collected using multiple vehicle sensors and cameras. Gravita-
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tional force equivalent (g) data were measured throughout the
drives. Subjects were not taking narcotics, either acutely or
chronically, for any of the drives, assessed by questionnaire and
chart review. Subjects had their slings on at the postoperative 2-
week and 4-week drives, with removal at the 6-week visit with
the surgeon. Driving with a sling has no legal ramifications in the
United States. Subjects were provided with the Patient-Reported
Outcomes Measurement Information System (PROMIS) ver-
sion 2.0 Upper Extremity (UE) 7A-item Short Form (PROMIS
v2.0UE7ASF) to assess upper-extremity function at each time
point (see Appendix 2). Additionally, a Likert-scale question-
naire was administered to the subjects after each drive to assess
self-perception of driving performance (see Appendix 3).

A total of 17 events representative of essential everyday
driving maneuvers were extracted and analyzed (see Appendix 1).
These events consisted of 1 mid-drive task, 2 parking maneuvers,
and 14 driving maneuvers. Kinematic analysis was performed
on the mid-drive task and 13 driving maneuvers (kinematic
analysis was not performed on Event 1, the reverse driving

TABLE | Baseline Characteristics of the Subjects

Characteristic Total*

Sex

Male 18 (67%)

Female 9 (33%)
Age (yr)

Mean 58.6

Median (interquartile range) 60 (52, 65)

Range 43 to 68
Race or ethnic group

White, not Hispanic 24 (89%)

Black or African American 2 (7%)

Other or more than 1 race 1 (4%)
Factors affecting wound healing

Current smoker 4 (15%)

Diabetes 6 (22%)
Hand dominance

Right 24 (89%)

Left 3 (11%)
Operatively treated extremity

Right 14 (52%)

Left 13 (48%)
Concomitant procedures

Biceps tenodesis or tenotomy 14 (52%)

Distal clavicle excision 12 (44%)

Extensive debridement 7 (26%)

Subacromial decompression 18 (67%)

Not reported 3 (11%)

*Except for age, the values are given as the number of patients,
with the percentage in parentheses.
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Week of assessment

Self-reported performance of parallel parking task. The error bars indicate the standard error of the mean.
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Fig. 4

Estimated differences between baseline and postoperative speed and longitudinal kinematic metrics, with 95% Cls (indicated by the error bars normalized
to the noninferiority limit for that metric). There was no difference in speed (kilometers per hour [kph]) and the standard deviation of the acceleration
(gravitational force equivalent [g]) across all postoperative drives compared with baseline; the minimum longitudinal accelerations (g) at postoperative
weeks 4 and 12 were more conservative and the maximum longitudinal acceleration (g) at postoperative week 12 was more reckless compared with
baseline. The superscript a indicates that the inverse of the estimated differences and 95% Cls was taken to appropriately reflect the type of driving
behavior; unlike for the other 4 metrics, an estimated difference of <O for minimum longitudinal acceleration represents more conservative driving behavior.
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Fig. 5

Estimated differences between baseline and postoperative lateral and steering kinematic metrics. Estimated differences comparing baseline driving

kinematic data with subsequent postoperative kinematic data with 95% Cls (indicated by the error bars) were normalized to corresponding metric
thresholds. There was no difference in all data for lateral acceleration (gravitational force equivalent [g]), steering wheel angle (degrees), and yaw (degrees/

sec) across all postoperative drives compared with baseline.

maneuver). For the remaining 2 tasks, perpendicular parking and
parallel parking, the in-car monitor scored the task on a 5-point
scale (see Appendix 4). Hand use and placement on the steering
wheel were evaluated post hoc during a subset of events.

Statistical Analysis

Demographic characteristics were summarized using the fre-
quency (and percentage) or median (with interquartile range),
as appropriate. Kinematic time-series data from each event
were summarized at the participant level using mean, mini-
mum, maximum, and standard deviation. Linear mixed-effects
models were used to estimate driving kinematics stratified by
drive. A random effect for subjects was included to account for
repeated measures. Each subject accounted for 70 kinematic
observations (14 events X 5 driving evaluations).

To test our primary hypothesis, a noninferiority analysis
was performed for each kinematic metric and was compared with
limits that were set prior to data collection, predetermined by the
researchers to be practically substantial (see Appendix 5). Using
our previously described linear mixed-effects model estimates of
the difference in driving fitness between baseline and postoper-
ative drives, Bonferroni-corrected (56 total comparisons) 95%

confidence intervals (CIs) of the model estimates for changes in
driving from baseline were constructed”. A kinematic metric was
deemed inferior if the 95% CI included the corresponding
noninferiority limit.

Linear mixed-effects models were also used to estimate
differences in hand use and placement on the steering wheel
during 8 of the 14 events in each drive. T-scores from the
PROMIS version 2.0 UE7ASF were analyzed using these models
to compare the postoperative week 12 results with baseline
results. Finally, subject questionnaires were analyzed for the
median and the interquartile range.

An a priori power analysis was performed using data
from a previous study by our group'. The mean acceleration was
used as the basis for the power analysis, as it is the most sensitive
and easily interpreted measure to assess reckless driving behav-
ior'®"”. We used the measured standard deviation of 0.1 g, alpha of
0.05, power of 80%, and a noninferiority margin of 0.05 g. This
power analysis resulted in a required sample size of 25 to assess
for noninferiority. Additional subjects were enrolled to buffer an
expected 25% attrition. Due to the repeated-measures design, we
achieved a post hoc power of >99% even for our smallest
observed effect size (for maximum longitudinal acceleration).
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Fig. 6

Estimated differences between baseline and postoperative jerk kinematic metrics. Estimated differences comparing baseline driving kinematic data with
subsequent postoperative kinematic data with 95% Cls (indicated by the error bars) were normalized to corresponding metric thresholds. There was no
difference in maximum longitudinal jerk (gravitational force equivalent per second [g/sec]) across all postoperative drives and a decrease in lateral jerk

(g/sec) at postoperative week 12 compared with baseline; the noninferiority margin at x = —1.0 is not pictured because of the miniscule x axis values.

Source of Funding

This study was supported in part by the National Center for
Advancing Translational Sciences of the National Institutes of
Health under Award Number ULITR003015 and an Ortho-
paedic Research and Education Foundation/The Aircast
Foundation Orthopaedic Research Grant.

Results

hirty-two subjects were enrolled in this study, and 27

subjects completed all 5 drives (Fig. 2) and were included
in the final analysis (Table I). There were 10 partial-thickness
tears and 17 full-thickness tears (3 massive, 7 large, 5 medium,
and 2 small*). No grafting was utilized. All subjects were able
to drive without causing obvious injury to the operatively
treated shoulder, and no clinical symptoms were reported
after any drive, confirmed by a lack of score decrease in any
PROMIS version 2.0 UE7ASF between visits; additionally, no
serious adverse events prematurely ended a drive. The analysis
of the PROMIS version 2.0 UE7ASF showed that T-scores

increased from 32 at baseline to 38 at postoperative week 12
(p = 0.0012).

All subjects were able to perform U-turns and lane changes
at all time points and perpendicular park at all postoperative time
points without difficulty. Parallel parking proved difficult for
some subjects at all time points, with no variability attributable to
the RCR. Parallel parking proved moderately difficult (mean,
2.89) for subjects preoperatively; however, differences in self-
reported postoperative parallel-parking difficulty among the time
points were not significant (p = 0.0869). There were no signifi-
cant findings for the examiner-reported performance on the
parallel-parking task. However, self-reported scores showed a
significant effect of time point (Fig. 3). Self-reported parallel-
parking performance declined at postoperative week 2 but sig-
nificantly improved such that, by postoperative week 12, scores
were greater than baseline (p < 0.0001).

Kinematic data analysis demonstrated that driving fitness
at postoperative weeks 2 through 12 was noninferior to baseline
for all metrics. There were 13 metrics applied to 14 of 17 driving
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Postoperative Week
Kinematic
Maneuver Metric Outcome Baseline 2 4 6 12
Straightaways  Minimum Mean* 0.203 £ 0.007  0.202 + 0.006 0.207 + 0.006 0.207 £0.007  0.209 + 0.007+
(Events 8,10,  longitudinal Estimated —0.018 (-0.037 —0.013(—0.032 —0.004 (—0.023 —0.29 (—0.048 to
and 11) acceleration () gifferences t0 0.001) to 0.006) t0 0.015) ~0.010)f
Maximum lateral Mean* 1.6 £ 0.089 1.6 +£0.098 1.6 £0.088 1.5 £ 0.087 1.4 +0.077¢t
jerk (millig/sec)  Eotimated —~0.053(-0.190 —0.051(—0.180 —0.038 (—0.090  0.220 (0.090 to
differences to 0.080) to 0.080) t0 0.17) 0.36)1
Left turns Maximum Mean* 0.212 £ 0.006  0.216 + 0.006 0.217 + 0.005 0.217 £0.005  0.229 + 0.005§
(Events 5,6,  absolute lateral  pgiimated —0.006 (—0.016 —0.005(—0.015 —0.005(—0.016 —0.017 (-0.027
and 7) acceleration (8)  jitferences to 0.005) to —0.006)% to 0.006)% to —0.006)§
Maximum Mean* 26.2 + 0.4 25.0 + 0.4 24.8 + 0.41 25.0 + 0.4 25.3+0.5
absolute yaw Estimated 11031019 1507123 12041020 0.9(0.1t01.7)
(deg/sec) difference¥
Right turns Maximum Mean* 17.0£0.3 17.2+0.3 17.3+0.3 18.1 + 0.4 18.3 + 0.3§
(Events 12and  absolute yaw Estimated —-0.16 (-0.92t0 —0.28(-1.03to0 —1.02(-1.77t0  —1.30(—2.05 to
14) (deg/sec) differences 0.60) 0.47) -0.27) —0.55)§
Yields (Events  Minimum Mean* —~0.101+0.009 —0.075+0.008 —0.067 +0.009 —0.081+0.009 —0.068 + 0.009}
9and 13) longitudinal Estimated —0.027 (—0.049  —0.034 (-0.057 —0.020(~0.042 —0.033 (—0.056
acceleration (8) gifferences to —0.004) to —0.012) t0 0.003) to —0.011)t
Highway (on  Minimum Mean* —0.034+0.010 0.000 £ 0.006+  0.007 +0.0061  0.011 £ 0.005+  0.015 + 0.0106+t
and off ramps)  longitudinal Estimated —0.035(~0.050 —0.041(—0.057 —0.045(—0.061 —0.048 (—0.064
fgf“tg 15and acceleration (&) gifferencet to —0.019)t to —0.025)t to —0.029)t to —0.033)t
Standard Mean* 0.064 £ 0.003  0.056 +0.003t  0.053 £ 0.003f  0.053 + 0.003t1  0.053 % 0.003+
deviation of Estimated 0.008 (0.003 to  0.011 (0.006 to ~ 0.011 (0.006 to  0.011 (0.006 to
longitudinal differences 0.013)f 0.016)f 0.016)t 0.016)f
acceleration (g)
Maximum Mean* 0.700 £ 0.039  0.640 £0.032  0.580 + 0.033f  0.610 + 0.043 0.620 % 0.039
longitudinal jerk  Eotimateqd 0.056 (—0.020to  0.120 (0.040to  0.085 (0.010t0  0.079 (0.000 to
(milli-g/sec) differences 0.130) 0.190)t 0.160) 0.150)%
Maximum lateral Mean* 0.770 £ 0.038  0.750 + 0.027 0.730 £0.033  0.680 = 0.025f  0.690 + 0.026
jerk (milli-g/sec)  Eotimated 0.021 (—0041to 0.039 (—0.024to  0.094 (0.033t0  0.080 (0.018 to
difference¥ 0.080) 0.100) 0.160)T 0.140)
Maximum Mean* 85+0.9 8.6 +0.9 8.7+0.9 8.8+0.9 9.3 +1.08
absolute yaw Estimated ~0.1(-0.510 —0.2(-0.6t0 —0.3(-0.7t0  -0.8(-1.2t0 —
(deg/sec) differences 0.3) 0.2) 0.1) 0.4)§
*The values are given as the mean and the standard error. g = gravitational force equivalent. TDetectable differences in the conservative direction. $The
values are given as the estimated differences (baseline — postoperative), with the 95% Cls of kinematic metrics that showed a detectable difference when
comparing baseline with postoperative drives within specific maneuver types. §Detectable differences in the reckless direction.

events. The 95% ClIs for all outcomes did not include the
noninferiority limits (Figs. 4, 5, and 6). Furthermore, only a
few differences from baseline were significant. Detectable in-
creases in minimum longitudinal acceleration (95% CI not
including 0) were noted between baseline and postoperative
week 4 (—0.018 g [95% CI, —0.027 to —0.010 g]), postoperative
week 6 (—0.012 g [95% CI, —0.020 to —0.004 g]), and post-
operative week 12 (—0.021 g [95% CI, —0.030 to —0.013 g]).
There was a detectable increase in the standard deviation of the
longitudinal acceleration between baseline and postoperative
week 4 (0.005 g [95% CI, 0.002 to 0.008 g]). At postoperative week
12, there were detectable increases in both maximum longitudinal

acceleration (—0.0109 g [95% CI, —0.0168 to —0.0050 g]) and
maximum lateral jerk (0.120 milli-g/sec [95% CI, 0.074 to
0.168 milli-g/sec]). The other 9 kinematic metrics showed no
detectable differences from zero (see Appendix 6).

An additional analysis was performed to assess kinematic
data corresponding to specific maneuver types (e.g., left turns,
right turns, straightaways, yielding to oncoming traffic, merging
on and off highways [highway merges]). All postoperative driving
kinematic data for each specific maneuver were noninferior to
baseline (Table II). For straightaways (Events 8, 10, and 11),
increases were noted in minimum longitudinal acceleration
(—0.029 g [95% CI, —0.048 to —0.010 g]) and maximum lateral
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Fig. 7

Hand use, surgery laterality, and steering wheel placement (hand on either the upper or lower half) as a percentage of total time. The means and 95% Cls

(indicated by the error bars) at baseline, postoperative week 2, and postoperative week 12 are pictured in the figure. For drives where the sum of the upper

and lower steering wheel percentages do not add up to 100%, the right hand was not placed on the steering wheel for the remainder of the time. *P < 0.05.

jerk (0.220 milli-g/sec [95% CI, 0.090 to 0.360 milli-g/sec]) at
postoperative week 12 compared with baseline. For left turns (Events
5, 6, and 7), steering was notably smoother at postoperative week 4
compared with baseline, as detected by maximum absolute yaw
(1.5%/sec [95% CI, 0.7°/sec to 2.3°/sec]), and, at postoperative week
12 compared with baseline, turns were sharper as detected by
maximum absolute lateral acceleration (—0.017 g [95% CI, —0.027
to —0.006 g]). For right turns (Events 12 and 14), steering became
more aggressive, as detected by maximum absolute yaw at postop-
erative week 12 (—1.30%sec [95% CI, —2.05°/sec to —0.55%/sec]).
The maneuver types with the greatest number of detectable
changes were the highway merges (Events 15 and 16), noted by
less abrupt braking with increases in minimum longitudinal
acceleration, less variable acceleration by standard deviation of
the longitudinal acceleration, stabler driving by maximum lon-
gitudinal jerk and maximum lateral jerk, and rougher steering
noted by maximum absolute yaw (Table II).

The analysis of hand placement on the steering wheel was
divided between right-sided and left-sided RCR cohorts and further
divided within each cohort into right-hand use and left-hand use.
At baseline, the placement of the hand contralateral to the shoulder
undergoing RCR showed a preference for the upper portion of the
steering wheel (Fig. 7). Of the subjects undergoing right-sided RCR,
right-hand placement on the upper portion of the steering wheel
significantly increased at postoperative week 12 (39.2% [95% CI,
28.4% to 50.0%]) compared with baseline (17.4% [95% CI, 7.3%
to 27.6%]) (Fig. 7). There was no change in left-hand steering

wheel placement across all drives. Of the subjects undergoing
left-sided RCR, left-hand placement on the upper portion of the
steering wheel significantly decreased at postoperative week 2
(11.0% [95% CI, 0.0% to 22.7%]) compared with baseline
(43.8% [95% CI, 30.9% to 56.6%]) (Fig. 7). When analyzing the
effects of hand dominance and RCR, differences were only seen
in upper steering wheel placement of the hand ipsilateral to the
operatively treated extremity. Of note, nondominant hand
placement differed significantly between baseline and postop-
erative week 2 when the surgical procedure involved the non-
dominant side, which was not observed in dominant hand use
with dominant-extremity RCR (see Appendix 7). Lastly, subjects
also reported increased subjective driving performance at post-
operative week 12 compared with baseline (p < 0.0001) (Fig. 8).

Discussion
n this study, we investigated driving fitness following RCR at 2,
4, 6, and 12 weeks using a multidimensional, on-road driving
evaluation. In every measured dimension of driving fitness, our
results demonstrated that driving as early as postoperative week 2
after RCR was noninferior to driving preoperatively. Furthermore,
of the kinematic data that were significant, subjects showed less
aggressive braking, smoother steering, and more stable driving as
early as postoperative week 2 compared with baseline.
Other studies have used driving simulators to assess
driving fitness after upper-extremity procedures, in contrast
to our study, which utilized real-world driving and analysis
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How do you think you performed on the driving test, compared to your normal driving?

p < 0.0001
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Fig. 8

Mean subjective evaluation of driving reported at the end of each drive. The error bars indicate the standard error of the mean.

of adaptive behaviors in a naturalistic environment"*'*, Simu-
lator data are limited in their real-world application due
to irreproducible driving physics® and unrealistic driving be-
haviors that arise from “a false sense of safety, responsibility,
or competence.”" Notably, in a driving simulator study assessing
driving fitness after total shoulder arthroplasty, multiple colli-
sions and centerline crossings were observed over an 8-minute
preoperative drive’, inaccurately reflecting real-world driving
where the average driver has a collision once every 17.9 years™.

Our data suggest that subjects adopt a heightened level of
caution when physical impairment is perceived, as evidenced by
braking less aggressively, steering more smoothly, and driving
more stably, coupled with more critical self-assessments in
comparison with the study monitor’s assessments. This finding
aligns with conclusions established in our previous study®.
Interestingly, subjects perceived lower overall driving perfor-
mance and lower performance in parallel parking at certain
postoperative time points despite objective data demonstrating
that subjects performed well. This finding offers insight into
behavioral adaptations after a surgical procedure.

Our study also illuminates compensatory behavior adop-
ted by patients who have chronic impairment. During the pre-
operative drive, subjects accelerated less aggressively compared
with postoperative week 12. Hand use and steering wheel
placement during preoperative drives demonstrated a preference
for placing the impaired extremity on the lower half of the
steering wheel; in contrast, there was an increase in upper steering
wheel use at postoperative week 12. These compensatory
behaviors may mitigate the effects of postoperative impairments,
as subjects have already adapted to driving with an impaired
extremity. Our data also revealed that some preoperative com-
pensatory driving behaviors are undesirable, such as a low
minimum longitudinal acceleration (greater deceleration) and a
high lateral jerk, which correspond to more aggressive braking

and less smooth steering. Less usage of the hand of the impaired
extremity on the steering wheel and increased single-handed
driving were also observed during the preoperative drives.

This study had several limitations. One limitation was the
potential for learning effects, which is a limitation of repeated-
measure designs. With each drive, participants may improve, tire,
or get bored; therefore, learning effects would tend to bias future
driving behavior in a reckless direction. However, our study found
that subjects generally drove more safely at all postoperative time
points; therefore, this limitation did not invalidate our conclusion.
Another limitation was the lack of an emergency maneuver. For-
tunately, emergency maneuvers are rarely needed in real-world
driving and usually involve braking tasks, which would be expected
to remain unimpaired with sling immobilization. Additionally, it is
uncertain if these results would be generalizable to patients outside
the ages of 43 to 68 years and patients who undergo other con-
comitant procedures or other types of shoulder surgery. The 6 to
12-week driving recommendations following shoulder arthro-
plasty are found in the literature, albeit using driving simulators™.
Furthermore, nearly 90% of our subjects were right-handed;
therefore, our conclusion may not apply to left-hand-dominant
individuals. Lastly, this study did not assess manual-transmission
vehicles, which have additional upper-extremity demands.

Despite these limitations, we conclude that subjects who
comfortably drive before the RCR can safely drive at 2 weeks after
the RCR. Multiple measures of driving behavior and fitness
showed noninferiority of all postoperative drives compared with
baseline, with the appearance of safe adaptive behaviors postop-
eratively. Preoperative compensatory behaviors and postoperative
heightened caution play important roles in patient driving in real-
world situations. These human factors should be considered when
formulating future postoperative driving recommendations.
From our data, we recommend updated guidelines stating that, in
the absence of other factors known to impair driving, patients
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who were able to drive prior to the surgical procedure may resume
driving at 2 weeks following RCR.

Appendix

@ Supporting material provided by the authors is posted
with the online version of this article as a data supplement

at jbjs.org (http://links.lww.com/JBJS/H154). m
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