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Abstract

Introduction: The relative indications for removing symptomatic
implants after osseous healing are not fully agreed on. The
purpose of this study was to (1) determine whether patients
showed improvement in functional outcomes after the removal of
symptomatic orthopaedic implants, (2) compare the outcomes
between upper and lower extremity implant removal, and (3)

determine the rate of implant removal complications.
Methods: A prospective study was conducted between 2013 and

2016. Patients completed a Short Musculoskeletal Function
Assessment outcome questionnaire before implant removal and at
the 6-month follow-up. Demographic data were stratified and
compared between upper and lower extremity groups and between

preimplant removal and 6-month postremoval.
Results: Of the 119 patients included in the study, 85 (71.4%) were

lower extremity and 34 (28.6%) were upper extremity. Significant
improvement after implant removal was seen in the dysfunction
index (P = 0.001), bother index (P = 0.001), and daily activities
domain (P = 0.001). Depression or anxiety (P = 0.016) were
statistically significant predictors for an improved Short
Musculoskeletal Function Assessment dysfunction index score at

6 months. The complication rate was 10.1% (n=12) for the cohort.
Discussion: Implant removal in both the upper and lower extremity

presented notable improvement in dysfunction. Complications
that require surgical intervention are extremely rare.

he removal of symptomatic im-

plants after osseous healing is one
of the most common orthopaedic pro-
cedures performed around the world.1-¢
The exact incidence reported varies
based on anatomic location and
practice patterns.”1° Similarly, the
recommended indications for implant

removal differ between studies. There-
fore, no consensus exists on the risks
and benefits associated with implant
removal.2811-23 Previous studies have
shown improvement in pain and dis-
comfort in as low as 53% of pa-
tients>> and as high as 100% of
patients.!” Similar variation is seen in
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Elective Symptomatic Orthopaedic Implant Removal

complication rates of implant remo-
val with studies reporting a range
from 0%'721 to 30%.'° Despite the
frequency of the procedure, and the
inconsistent evidence of the risks and
benefits, limited prospective outcome
data are available to guide treatment
decisions.6-2#

The primary purpose of this study
was to determine whether patients had
improved functional outcomes after
the removal of symptomatic ortho-
paedic implants after osseous union.
The primary outcome was the change
in the Short Musculoskeletal Function
Assessment (SMFA) patient-reported
outcome (PRO) questionnaire. Sec-
ondary purposes included comparing
the outcomes of implant removal in
the upper extremity to that of the
lower extremity and determining the
perioperative compilation rates after
implant removal. The study hypothe-
sized that the removal of symptomatic
orthopaedic implants would result in
improved patient function measured
through improved PROs.

Methods

Patients

After Institutional Review Board ap-
proval, a prospective observational
study assessing outcomes after the
removal of symptomatic orthopaedic
implants was conducted at two aca-
demic institutions (a level 1 trauma
center and a surgical center) between
2013 and 2016. The indications
for implant removal were aseptic
symptomatic implants after bony un-
ion. Symptomatic implants were
defined as generalized discomfort or
point tenderness over the implant.
Inclusion criteria for the study were (1)
age older than or equal to 18 years old,
(2) initial closed injury if a fracture,
(3) absence of baseline peripheral
neuropathy, and (4) a complete SMFA
PRO questionnaire before implant
removal. Patients were excluded if they

were found to have (1) previous or
current infection at the surgical site or
of the underlying implant, (2) osseous
nonunion, or (3) polytrauma patients.
A follow-up outcome questionnaire
was completed at 6 months after
implant removal. Baseline demo-
graphics and outcome scores were
compared between the cohort of pa-
tients who returned for the follow-up
at 6 months and the cohort of patients
that was lost to follow-up to assess for
any differences. Demographic charac-
teristics were collected and involved
age, sex, body mass index (BMI),
workman’s compensation, a 10-year
history of smoking, positive clinical
previous diagnosis of depression
or anxiety disorders, the American
Society of Anesthesiologists Physical
Status classification system score, and
the time duration of the implant from
the primary surgery to the removal

surgery.

Outcomes

The SMFA is a patient-reported stan-
dardized musculoskeletal functional-
ity outcome questionnaire.>> This is
a globally implemented and vali-
dated outcome instrument used to
evaluate a wide range of musculo-
skeletal disorders.2®?7 Because the
SMFA is a general lower and upper
extremity outcome instrument, it al-
lows for the removal of symptomatic
implant to be evaluated within
the broad context of musculoskeletal
conditions. The scale ranges from 0 to
100, with O representing the least
dysfunction and 100 representing
complete dysfunction. A negative
change in the score from baseline to
6 months represents an improvement
in the overall function. The outcome
questionnaire was completed just
before their 6-month follow-up by
mail (and brought in to clinic) or in
person at their 6-month follow-up
visit. The SMFA outcome scores in
this study were evaluated across
the dysfunction and bother indices

and the daily activities domain.
The baseline and 6-month follow-up
SMFA scores were evaluated and
compared within the overall sample
and within upper and lower extrem-
ity cohort populations. Intraoperative
and postoperative complications
were collected from the patient’s
surgical report and follow-up clinic
notes. A complication was considered
any infection (deep or superficial),
nerve or artery injury, wound healing
problems, or any reason for a return
to the operating room.

Statistical Analysis

Descriptive statistics were used to
evaluate the demographic data.
Demographic characteristics involved
age, sex, BMI, workman’s compensa-
tion, a 10-year history of smoking,
positive clinical previous diagnosis of
depression or anxiety disorders, the
American Society of Anesthesiologists
Physical Status classification system
score, and the time duration of the
implant from the primary surgery to
the removal surgery. Demographic
data were stratified and compared
between the upper and lower extrem-
ity groups using a combination of
Wilcoxon rank-sum tests and chi-
squared  tests. The  differences
between baseline preimplant removal
and 6-month SMFA scores were
compared using nonparametric Wil-
coxon signed-rank tests within the
overall sample and both upper and
lower extremity study populations. A
logistic relative risk (RR) regression
analysis was conducted to assess for
potential predictors of an increased
SMFA dysfunction index score at the
follow-up, respective to the subject’s
original baseline score.

Descriptive data are summarized as
mean, standard deviation, and the
95% confidence interval. The level of
statistical significance was set at P <
0.05. Statistical analyses were per-
formed with SAS 9.4 (SAS Institute,
Cary, NC).

2

Journal of the American Academy of Orthopaedic Surgeons



Benjamin R. Williams, MD, et al

Results

The inclusion and exclusion criteria
were met by 279 patients who
completed a preimplant removal base-
line outcome questionnaire. Of those,
119 (42.7%) returned at 6 months and
completed the follow-up outcome
questionnaire. The baseline demo-
graphics between the study cohort and
the group that that was lost to follow-
up were comparable, except for age
(P < 0.001) and sex (P = 0.014)
(Table 1). Furthermore, the baseline
SMFA scores were similar between the
study group and the group that that
was lost to follow-up (functional: P =
0.324; daily activities domain: P =
0.568; Bother: P = 0.911) (Table 1).

Of the 119 patients included in the
study, 85 (71.4%) were lower
extremity and 34 (28.6%) were upper
extremity. Between upper extremity
and lower extremity subgroups, no
significant differences were identified
in the demographic variables, nor the
baseline SMFA scores (Table 2). The
upper extremity sites for implant
removal were olecranon (49%),
clavicle (29%), distal radius (9.8%),
ulnar shaft (9.8%), and radius and
ulnar shaft (2.4%). The lower
extremity sites for implant removal
were ankle (47%), metatarsal and
tarsal bones (33%), tibial shaft
(6.7%), patella (5.9%), tibial plateau
(5.9%), and distal femur (1.7%).

Of the study participants, the mean
age was 49.0 £ 16.7 [46.0, 52.0]
years, 75 (63.0%) were women, and
the mean BMI was 27.1 = 5.5 [26.1,
28.1]. The mean time from primary
surgery to implant removal was 22.3
+ 32.3 [16.4, 28.2] months (Table
1).The mean preimplant removal
baseline SMFA scores for the overall
study population were 12.0 = 11.2
[10.3, 13.8] for the dysfunction index,
13.8 = 15.3 [11.4, 16.2] for the
bother index, and 11.6 + 13.1 [9.6,
13.7] for the daily activities domain.
The 6-month follow-up SMFA scores

for the study group were 8.4 = 11.3
[6.8, 10.8] for the dysfunction index,
10.3 = 13.7 [8.1, 12.4] for bother
index, and 7.1 * 13.5 [4.9, 9.2] for
daily activities domain (Figure 1).

The mean difference in the SMFA
scores, from baseline to 6 months
after implant removal, were statisti-
cally significant across all indices for
the overall study population and for
the extremity subgroups (Table 3).
Furthermore, the mean change in
outcome scores was similar be-
tween the upper extremity and lower
extremity groups (Table 2). The
overall study groups’ mean SMFA
score change was —3.6 * 8.2
[-5.1, —2.1] for the dysfunction
index, —2.4 = 12.6 [-4.8, —0.1] for
the bother index, and —4.5 * 10.6
[—6.4, —2.5] for the daily activities
domain. A total of 85 study partic-
ipants reported an improved SMFA
dysfunction index score, 60 of
85 (70.6%) lower extremity partic-
ipants, and 25 of 34 (73.5%) upper
extremity participants.

The logistic RR regression analysis
identified only previous diagnosis of
depression or anxiety (RR = 1.36
[1.06, 1.74]; P = 0.016) as statisti-
cally significant predictors for an
improved SMFA dysfunction index
score at 6 months (Table 4).

Among the 119 patients who met the
inclusion and exclusion criteria and
completed a baseline and 6-month
follow-up SMFA survey, 12 patients
(10.1%) had a perioperative compli-
cation of which 1 patient (0.8%)
required a return trip to the operating
room. In the lower extremity sub-
group, 3 patients (3.4%) had a super-
ficial skin infection, 4 cases (1.4%)
resulted in broken implants requir-
ing broken implant removal sets and
increased surgical time, and one patient
developed a sural nerve neurapraxia
that was still present at the 6-month
time point. In the upper extremity
subgroup, 2 patients (0.7%) had a
superficial skin infection, 1 case (0.4%)
resulted in broken implants requiring

broken implant removal sets and
increased operative time, and 1 patient
(0.4%) developed a median nerve
neurapraxia that resolved by the 6-
month time point. All but one of
the infections resolved with oral anti-
biotics. One (0.7%) patient required a
return trip to the operating room for a
wound irrigation and débridement.
This was an overall infection rate
of 42% for the upper and lower
extremity patients.

Discussion

Removal of implants, after osseous
healing, is one of the most common
procedures performed in orthopaedics;
however, no consensus exists on the
indications, risks, or benefits of the
procedure, and little prospective out-
comes research exists to support cur-
rent practices.!»>7-10:12:16 The purpose
of this study was to determine whether
patients who had symptomatic im-
plants removed would show im-
proved functional outcomes. This
study found a statistically significant
improvement in the SMFA dysfunc-
tion index (P = 0.001), bother index
(P = 0.011), and daily activities do-
mains (P = 0.001) at 6 months after
implant removal. No statistical dif-
ference was seen in the SMFA
scores for patients undergoing lower
extremity implant removals versus
upper extremity implant removals,
although both reached statistical sig-
nificance independently.

Many surgeons cite unexplained pain
or discomfort at the site of retained
orthopaedic implants as an indication
for implant removal.%12-13.16:28 Most
of the previous studies assessing the
outcomes after implant removal used
the level of discomfort or pain as the
primary outcome measure, with
most administering a nonvalidated
pain tool and/or a visual analog
scale.18-20-22,29:30 Gy dies assessing the
changes in discomfort or pain found
improvements in 53% to 74% of
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Table 1

Comparing Population Characteristics Between Sample and Participants Who Did Not Return for the 6-month

Follow-up
Study Sample Lost to Follow-up
Factor (n=119) (n = 160) P Value
Sex, n (%) 0.014°
Female 75 (63.0) 74 (46.4)
Male 44 (37.0) 86 (53.6)
Age 49.0 = 16.7 (14.8, 19.1) 38.7 = 14.6 (35.7, 41.6) <0.001°
BMI 271 £ 5.5 (26.1, 28.1) 28.1 = 5.2 (27.1, 29.1) 0.16°
Workman compensation, n (%) 0.132°
No 108 (90.8) 156 (95.6)
Yes 11 (9.2) 7 (4.4)
Smoking history, n (%) 0.710°
No 81 (68.1) 113 (70.6)
Yes 38 (31.9) 47 (29.4)
Depression or anxiety,? n (%) 0.273°
No 77 (64.7) 18 (73.8)
Yes 42 (35.3) 42 (26.2)
Injured extremity, n (%) 0.088°
Lower extremity 85 (71.4) 98 (61.3)
Upper extremity 34 (28.6) 62 (38.7)
Implant duration time (mo) 22.3 = 32.3 (16.4, 28.2) 30.9 * 46.8 (21.5, 40.3) 0.128°
American Society of 0.150°
Anesthesiologists Physical
Health classification, n (%)
| 65 (54.6) 105 (65.6)
Il 43 (36.1) 42 (26.3)
M 11 (9.3) 13 (8.1)
Functional 12.0 = 10.9 (10.1-13.9) 11.1 £ 10.9 (9.4-12.8) 0.324¢
Daily activities domain 11.6 = 12.2 (9.4-13.8) 11.2 + 13.3 (9.1-13.3) 0.568¢
Bother 13.8 £ 12.7 (11.3-16.3) 13.5 = 12.6 (11.4-15.6) 0.911¢

BMI = body mass index

2 Depression or anxiety was confirmed via either a positive clinical diagnosis or prescribed medications for these disorders.
® Resulting P-value for a chi-square test between procedural groups.

° Resulting P-value for a two-sample t-test.

¢l Resulting P-value of a Wilcoxon rank-sum test between procedural groups because a Shapiro-Wilk test confirms a non-normal distribution (P < 0.05).
A summary of the baseline study sample and lost to follow-up sample characteristics. Significance for bolded entries is p < 0.05.

patients after implant removal.22-2%-30
When administering the validated
visual analog scale to measure pain
before and after implant removal,
73% to 76% of patients reported an
improvement in pain.!”-20

Few previous studies have assessed
functional outcomes after orthopae-
dic implant removal.'”?? A study that
administered a retrospective non-
validated survey to 332 patients found
an improvement in 55% of patients

with implant removals.?? A prospec-
tive study by Minkowitz et al,!” using
the SMFA as the primary outcome,
assessed functional outcomes in 57
patients after implant removal after
osseous healing for fracture fixation.
The authors reported that all patients
in the study had functional improve-
ment by the end of the follow-up
period. Our study had similar re-
sults, demonstrating improvement in
the dysfunction and bother indices

and daily activity domain of the
SMFA in 88 (74%) of patients at the
end of the study period. Minkowitz
et al found a greater improvement in
SMFA scores for the lower extremity
compared with the upper extremity.
Similarly, our study had a larger
cohort of lower extremity patients;
however, no notable difference was
observed between patients with up-
per versus lower extremity implants
removed. The soft tissue coverage of
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Table 2

Population Characteristics for Sample Population Between 2013 and 2016, Stratified by Injury Type (N = 119)

Lower Extremity Upper Extremity
Factor (n=85) (n=34) P Value
Sex, n (%) 0.063°
Female 58 (68.2) 17 (50.0)
Male 27 (31.8) 17 (50.0)
Age 47.5 = 15.7 (44.1 to 50.9) 52.7 = 18.6 (46.2 to 59.1) 0.129°
BMI 27.3 = 5.0 (26.2 to 28.4) 26.5 = 6.5 (24.3 to 28.8) 0.551°
Workman compensation, n (%) 0.414°
No 75 (89.3) 32 (94.1)
Yes 9(10.7) 2 (5.9)
Smoking history, n (%) 0.025°
No 63 (74.1) 18 (52.9)
Yes 22 (25.9) 16 (47.1)
Depression or anxiety,® n (%) 0.396°
No 57 (67.1) 20 (58.8)
Vs 28 (32.9) 14 (41.2)
Implant duration time (mo) 29.0 £ 455 (22.8 to 35.2) 11.2 = 7.9 (8.5 to 14.0) <0.001°
SMFA follow-up time (mo) 5.8 = 0.9 (5.6 to 6.0) 5.9 = 0.7 (5.6 to 6.1) 0.681¢
American Society of 0.984°
Anesthesiologists Physical
Health classification, n (%)
| 46 (54.1) 19 (55.9)
Il 31 (36.5) 12 (35.3)
1] 8(9.4) 3(8.8)
AFunctional —4.1 £ 9.0 (—6.0 to —2.1) —2.5 * 5.8 (—4.5to —0.4) 0.244°
ABother score —2.0 = 13.6 (—5.0 to 0.9) —3.5 * 9.4 (-7.1 to —0.1) 0.940¢
ADaily activities domain —4.8 = 11.1 (—7.3 to —2.4) —3.7 = 9.2 (—6.9 to —0.5) 0.213¢

BMI

= body mass index; SMAFA = Short Musculoskeletal Function Assessment

@ Depression or anxiety was confirmed via either a positive clinical diagnosis or prescribed medications for these disorders.
2 Resulting P-value for a chi-square test between procedural groups.

¢ Resulting P-value for a two-sample t-test.

9 Resulting P-value of a Wilcoxon ranked-sum test between procedural groups because a Shapiro-Wilk test confirms a non-normal distribution (P < 0.05).
A summary of study sample characteristics. Significance for bolded entries is p < 0.05.

the upper extremity may offer an
explanation for this difference because
the clavicle and olecranon are prom-
inent structures for implants with
limited subcutaneous tissue coverage,
regardless of body habitus. Impor-
tantly, the study by Minkowitz et al
had an upper extremity cohort of
seven patients, which may limit sta-
tistical comparison. Further analysis
with a larger study population is
necessary to determine the difference
between anatomical locations.

After implant placement, the forces
experienced by bone and within a

joint are altered, which may cause the
implants to be symptomatic.24-31-33
Another important factor to address
in elective implant removal is the cost
and economic burden. There are
very few studies that have assessed
the cost of implant removal outside
the setting of infection.’>3* A pedi-
atric database study found that the
cost of inpatient implant removal to
be on average $11,792.3* However,
this included implant removals for
infections. A recent study reviewed
the cost of implant removal for ankle
fractures.> The authors reviewed

1835 patients who underwent implant
removal in Ireland and found the
cost to be on average $1,367. Fur-
ther prospective studies are needed
to assess the economic burden of
implant removal surgeries.

Patient comorbidities may be pre-
dictors for improvement in discomfort
and function after implant removal.
The previous study by Minkowitz
et al'” found that implant removal
in older patients predicted greater
functional improvement. Qur study
did not find this same conclusion
because age showed no relation to
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Chart showing the Mean Short Musculoskeletal Functional Assessment (SMFA) index scores measured at both follow-up
periods postsurgery. Graphs represent the summaries for all injury types and stratified for injury type, lower extremities, and
upper extremities. The SMFA measures afflicted area dysfunction, 0-100. A value of O represents the best functional
outcome with 100 representing the worst functional outcome. Therefore, a decreasing SMFA-index score represents an
improved functionality to the operated region.

functional improvement. However,
our study did identify that a previous
diagnosis of depression or anxiety
had a statistically significant relation
to improvement in the SMFA dys-
functional index after implant
removal. Previous literature has con-
sistently shown that patients with
active depression or anxiety have
higher levels of pain, greater expect-
ations, and poorer outcomes than
those who do not.35-38 Interpretation
of these results is difficult. It may be

that some patients are more aware of
their retained implants. A study with a
larger cohort specifically assessing the
association with mental health is
needed to understand this finding.

A survey of orthopaedic surgeons in
2008 found that 48% felt that implant
removal was riskier than leaving the
retained implant in place.”® The com-
plication rate of implant removal has
been reported to be as low as 0%
and as high as 30%.%1%1° The most

commonly reported complication in

multiple studies is superficial in-
fections.'®2022 Qur study found a
complication rate of 10.1% (n =
12/119), of which 42% (n = 5/119)
were superficial infections that resolved
with antibiotics. Lower perioperative
complication rates seem to be reflected
in more recent literature. Advancement
in implants and removal techniques
likely contribute to the recent decline in
complication rates. A large case series
of 1,545 patients who underwent
elective implant removal from 2009 to
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Table 3

Change in Reported Outcome Scores for Study Sample

Factor Change (A) = SD (95% CI) P Value?
AFunctional —3.6 £ 8.2 (—5.1to —2.1) <0.001
ABother score —24 +*12.6 (—4.8to —0.1) <0.001
ADaily activities domain —4.5 * 10.6 (—6.4 to —2.5) <0.001
Lower extremity procedures (n = 85)

AFunctional —4.1 = 9.0 (—6.0 to —2.1) <0.001

ABother score —2.0 = 13.6 (—5.0t0 0.9) <0.001

ADaily activities domain —-4.8 = 111 (-7.3to —2.4) <0.001
Upper extremity procedures (n = 34)

AFunctional —2.5 *+ 5.8 (—4.5to —0.4) 0.034

ABother score —3.5 *+ 9.4 (-7.1to —0.1) 0.021

ADaily activities domain —3.7 = 9.2 (—6.9 to —0.5) 0.047

Cl = confidence interval; SMFA = Short Musculoskeletal Function Assessment
@ Shapiro-Wilk tests for all three change outcomes were significant, confirming non-normality. Therefore, all outcome measures were tested for
significance by a nonparametric Wilcoxon signed-rank test.
Summary of the mean change in outcomes values between baseline and after a minimum 5-month follow-up period. Outcome change values were
only derived for participants who completed both the baseline and follow-up SMFA surveys. Significance for bolded entries is p < 0.05.

2012 found an overall complication
rate of 5.1%, with calcaneal implant
removal demonstrating the highest
complication rate.'’ Our study’s find-
ings are consistent with the current
literature.

There were several limitations to
this study. The study lacked a control
group who met the inclusion criteria
but did not undergo implant removal.
This weakness could be best addressed

with a randomized trial where patients
who refuse to be randomized are fol-
lowed with the same outcome meas-
ures and analyses performed both
for “as-randomized” and “as-treated”
patient groups. However, this study
was prospective and used a validated
patient-reported outcome measure.
The SMFA outcome score is a popular
patient-reported outcome tool com-
monly used to study a broad range of

musculoskeletal disorders.3%40 Several
of the previous studies assessed only
changes in pain or discomfort or
used nonvalidated measures of func-
tion.18-20,22,29.30 Ap additional limi-
tation is that the anatomic locations of
implant removal groups were too
small for intergroup analysis. A future
study with greater group size powered
to assess the differences between
anatomic  locations of implant

Table 4

Relative Risk (RR) Estimates for Covariate Associations With Binary Change in Short Musculoskeletal Function
Assessment (SMFA) Functional Index Scores With RR Regression

Covariate RR (95% CI) Wald x2 P Value
Extremity?® 1.05 (0.82-1.33) 0.11 0.743
Age 1.00 (0.99-1.00) 0.17 0.684
Sex? 0.84 (0.65-1.08) 1.83 0.176
BMI 0.99 (0.98-1.01) 0.37 0.543
Workman compensation 1.02 (0.70-1.50) 0.01 0.903
10-yr smoking history 0.99 (0.78-1.27) 0.00 0.951

ASA 0.94 (0.78-1.12) 0.51 0.474
Depression or anxiety® 1.36 (1.06-1.74) 5.76 0.016

ASA = American Society of Anesthesiologists; BMI = body mass index; Cl = confidence interval
@ The extremity variable was assessed using the lower extremity group as the coded reference.

P Gender variable was assessed using the female group as the coded reference.

¢ Significance is p < 0.05.

Logistic RR regression to assess for covariate influences to the improvement in SMFA functional index outcome. The regression assesses for the
probability of having an improved SMFA functional score outcome at the follow-up. Significance for bolded entries is p < 0.05.
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removal is needed to address this
limitation. In addition, the group sizes
between the extremity groups are
markedly different, with the lower
extremity group size (n = 85) being
nearly three times the size of the upper
extremity group (n = 34). Higher
reported rates of lower extremity
implant removal are consistent with
previous studies, possibly indicating
implant removal is more common in
the lower extremity.!-17?22 Future
studies could focus on creating a
better distribution between the two
cohort sizes to ensure that the statis-
tical results are not driven by cohort
sizes. Our study found an associa-
tion between a previous diagnosis of
anxiety or depression and improved
functional outcomes. We did not use a
mental health patient-reported out-
come tool or assess the patient’s level
of anxiety or depression at the clinic
visits. The diagnosis was captured in
patients’ electronic medical record,
and therefore, this association should
be used as a stepping stone for further
studies on interactions between men-
tal health and outcomes in ortho-
paedic care.

Implant removal in both the upper
and lower extremity allows statistically
significant improvement in dysfunc-
tion; the clinical significance of this
improvement, however, is not known.
These results would be best corrobo-
rated through a randomized trial
where patients who refuse to be ran-
domized are followed with the same
outcome measures and analyses per-
formed both for “as-randomized” and
“as-treated” patient groups. In addi-
tion, greater cohort sizes are needed to
evaluate the effects of anatomic loca-
tion and patient comorbidities.
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