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Background: Open debridement (OD) of the extensor carpi radialis brevis tendon, both with and without repair to the lateral
epicondyle, are effective treatments for recalcitrant lateral epicondylitis. However, few comparative studies exist within the
literature.

Purpose: To (1) compare the 5-year reoperation rates of patients who underwent OD alone versus OD with tendon repair (ODR)
and (2) identify the 90-day adverse event rates, total same-day reimbursement amounts, and national usage trends for these 2
procedures from 2010 to 2019.

Study Design: Cohort study; Level of evidence, 3.

Methods: The PearlDiver MUExtr database was reviewed for patients diagnosed with lateral epicondylitis who underwent OD
alone and ODR or reattachment between January 2010 and December 2019. These patients were stratified into 2 cohorts: the OD
cohort and ODR cohort. The 5-year reoperation rates were assessed and compared, and the incidence of 90-day postoperative
complications and risk factors were identified. The number of ODs and ODRs performed each year and the mean same-day
reimbursement amounts (in US$) for both procedures were assessed.

Results: Overall, 41,932 lateral epicondylitis patients who underwent debridement were identified, with 17,139 OD patients and
24,793 ODR patients. There were no significant changes in the proportion of OD versus ODR procedures performed during
the study period (P ¼ .18). A significantly higher incidence of hematoma was seen after OD compared with ODR (0.19% vs 0.12%;
P ¼ .04), but ODR had a significantly lower 5-year reoperation rate than OD (2.8% vs 3.9%; P ¼ .006), with an absolute risk
reduction of 1.1% and a number needed to treat of 91. Finally, ODR ($1683.17 ± $12.15) had a higher mean same-day reim-
bursement than OD ($1479.05 ± $15.78) (P ¼ .001).

Conclusion: Both OD and ODR had low complication rates. The 5-year reoperation rates were low for both procedures, but they
were significantly higher for OD. Over the 10-year study period, there were no significant changes in the relative percentages of OD
versus ODR performed. ODR had a significantly higher mean same-day reimbursement.

Keywords: lateral epicondylitis; open debridement; tendon repair; tennis elbow

Lateral epicondylitis, or tennis elbow, is a common overuse
injury that results from degeneration of the extensor carpi

radialis brevis (ECRB) tendon near its origin on the lateral
epicondyle of the humerus.4,5,6,15 Lateral epicondylitis is
typically a self-limiting condition that resolves within a
year without treatment.4,5 Nonoperative treatments often
consist of combinations of physical therapy, nonsteroidal
anti-inflammatory drugs (NSAIDs), bracing, ultrasound,
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and therapeutic injections of corticosteroids, whole blood,
or platelet rich-plasma.1,5,8,27 Surgical intervention is typ-
ically reserved for those who exhibit recalcitrant symptoms
with continued, quality of life-altering symptoms after 6 to
12 months of nonoperative management.1,5,11,12,27,28 While
different procedural treatment methods have been
described, there is a lack of consensus regarding the opti-
mal intervention for these patients.

For refractory lateral epicondylitis, excision of the dis-
eased tissue (debridement) without reattachment to
the lateral epicondyle has been the focus of many manage-
ment plans with open, arthroscopic, and percutaneous
methods demonstrating favorable long-term clinical out-
comes.7,9,20,24,30,34 Despite the overall success, long-term
postoperative pain and loss of function have been reported,
with up to 15% of cases experiencing criteria necessary to
constitute failure (defined as poor outcomes score and/or
reoperations) after isolated debridement.26,32,34 As such,
anatomic repair of the common extensor tendon to the lat-
eral epicondyle, in addition to debridement, has been pro-
posed to address the persistent pain and loss of function in
these patients.8,16,17,33 Excellent outcomes and significant
increases in grip and pinch strength testing have been
reported at 4 years after open debridement (OD) and con-
comitant tendon repair.33 Although several case series
have reported outcomes on OD alone or OD with repair
(ODR) of lateral epicondylitis, there is a relative paucity
of studies that have compared these 2 operative methods.

Reattachment or repair of the ECRB tendon with suture
anchors after OD has been suggested to result in better
short- and long-term functional outcomes as well as lower
failure rates compared with OD alone.16,17 However, these
findings were in the setting of low-level evidence and com-
prised cohorts of limited size (ie, from 10 to 80 patients),
which further limits the capacity to detect any mild or sub-
tle difference in the complication profiles between these
2 approaches.16,17 Large database studies may be better
able to define the specific outcomes of OD alone compared
with ODR.

The primary purpose of this study was to report and com-
pare the 5-year reoperation rates of patients undergoing OD
alone (OD cohort) versus ODR (ODR cohort). We hypothe-
sized that the OD cohort would have a significantly higher 5-
year reoperation rate compared with the ODR cohort. The
secondary goals of this study were to identify the 90-day
postoperative complications, total same-day reimburse-
ments, and national usage trends from 2010 to 2019. Such

comparative data may better inform surgical decision-mak-
ing between the OD and ODR procedures.

METHODS

Study Population

All data were acquired retrospectively from the PearlDiver
upper extremity (MUExtr) database (PearlDiver Technolo-
gies), a commercially available administrative database
containing 91 million patients within the United States.
This is a deidentified and Health Insurance Portability and
Accountability Act–compliant database. Given the deiden-
tified nature of the data, our institutional review board
granted exemption from approval for the conduction of this
research.

The study period ranged from January 2010 to December
2019. Patients with an International Classification of Dis-
eases, 9th Edition (ICD-9), or ICD-10 diagnosis code for
“lateral epicondylitis” during this period were queried
based on the following codes: ICD-9-D-72632, ICD-10-D-
M7710, ICD-10-D-M7711, and ICD-10-D-M7712. The
ICD-9/ICD-10 codes for lateral epicondylitis, only allowing
for inclusion of patients diagnosed with lateral epicondyli-
tis and exclusion of all other elbow diagnoses (ie, medial
epicondylitis, rheumatoid arthritis, osteoarthritis, etc),
were paired with the respective Current Procedural Termi-
nology (CPT) codes for OD or ODR.35 Cohorts of surgically
treated patients were formed from pairing the ICD codes
for lateral epicondylitis with the CPT code for “tenotomy,
elbow, lateral or medial (eg, epicondylitis, tennis elbow,
golfer’s elbow); debridement, soft tissue and/or bone, open”
(CPT-24358) (for the OD cohort) or with the CPT code for
“tenotomy, elbow, lateral or medial (eg, epicondylitis, ten-
nis elbow, golfer’s elbow); and debridement, soft tissue and/
or bone, open with tendon repair or reattachment” (CPT-
24359) (for the ODR cohort).

Records were filtered based on first record of debride-
ment and the presence of active records in the database for
90 days after index surgery. We excluded patients with
certain concomitant procedures in addition to OD and
ODR, including neuroplasty, radial tunnel release, cubital
tunnel release, lateral collateral ligament reconstruction/
repair, arthrotomy with synovectomy, arthroscopic
synovectomy, and arthroscopic removal of loose bodies
(CPT-64708, CPT-64722, ICD-9-D-3543, CPT-64718,
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CPT-64721, CPT-29848, CPT-24343, CPT-24344, CPT-
24102, CPT-29835, CPT-29836, CPT-29834, respectively).

Adverse Events After 90 Days

The incidence of 90-day postoperative complications was
assessed. Individual complications were assessed based
on ICD codes for lateral epicondylitis after undergoing
OD or ODR. Adverse events included acute kidney injury,
deep vein thrombosis, hematoma formation, nerve injury,
pulmonary embolism, sepsis, surgical-site infection, trans-
fusion, and wound dehiscence. The designation “any
adverse event” (AAE) was used if there was occurrence of
at least 1 adverse event for a given patient within the
90-day time period. Demographic and comorbidity-based
risk factors for 90-day AAEs were evaluated by multivari-
ate analysis.

Reoperation Rates After 5 Years

The 5-year reoperation rates of the OD and ODR cohorts
were investigated. Reoperation was defined by the presence
of an ICD-10 code for lateral epicondylitis (ICD-10-D-
M7711 or ICD-10-D-M7712) and CPT codes for any subse-
quent lateral epicondylitis procedure (open, arthroscopic,
or percutaneous), including open elbow tenotomy with
debridement (CPT-24358), debridement and tendon repair
or reattachment (CPT-24359), percutaneous treatment
(CPT-24357), or limited or extensive arthroscopic debride-
ment (CPT-29837 or CPT-29838) within 5 years after index
OD or ODR. Patients with ICD-9 codes were excluded from
the reoperation analysis, as these codes do not include
laterality. Only patients with ICD-10 codes that included
documentation of laterality at the index procedure (right,
ICD-10-D-M7711, or left, ICD-10-D-M7712) were included
to calculate the reoperation rate, and any reoperations on
the contralateral elbow (even for lateral epicondylitis) or
the medial-sided ipsilateral elbow within the 5 years after
index debridement were not counted as reoperations.

Kaplan-Meier curves were used to depict debridement
durability in patients receiving index OD versus ODR. The
Kaplan-Meier analysis of the PearlDiver software censored
patients who were lost to follow-up before reaching the
5-year endpoint, thus yielding reoperation rates only for
ICD-10 patients with complete records noting either reop-
eration or reoperation-free survivorship. Multivariate
logistical regression analysis was used to control for any
cofounding variables between OD versus ODR when calcu-
lating the reoperation rates.

Reimbursement

A cost analysis was performed to evaluate the difference in
same-day total reimbursement amounts (in US$, currency
rate averaged over the study period from 2010 to 2019)
between OD (CPT-24358) and ODR (CPT-24359). These
data represent all surgeon, facility, and prescription reim-
bursements associated with OD and ODR confined to the
day of surgery. The mean reimbursement (±SE) for OD and
ODR was compared.

Statistical Analysis

Patient demographic data were compared using an inde-
pendent t test for continuous variables (age and Elixhauser
Comorbidity Index [ECI] and Pearson chi-square test for
categorical variables (sex, obesity, and tobacco use). Annual
frequency of surgery for OD and ODR were assessed by
comparison of the slopes of year-to-year trends in the 2
cohorts over the 5-year follow-up period.

Kaplan-Meier survival curves for 5-year reoperation
rates in the OD and ODR cohorts were compared using a
log-rank test. The ICD-10 codes for lateral epicondylitis
(including elbow laterality) were paired with the relevant
reoperation CPT codes. Multivariate logistic regression was
also utilized to compare the 5-year reoperation risk
between the OD and ODR cohorts, controlling for age, sex,
tobacco use, and ECI score.

The risk of various postoperative complications for
patients receiving OD versus ODR was assessed by multi-
variate logistic regression, controlling for age, sex, and ECI
score. Adjusted odds ratios and 95% CIs were tabulated for
risk of complications in patients who underwent OD rela-
tive to ODR. Multivariate logistic regression was also uti-
lized to assess risk factors for any 90-day complications
(90-day AAEs) in the overall (OD and ODR) cohort, control-
ling for sex, age, and various comorbidities, including
asthma, chronic kidney disease (CKD), chronic obstructive
pulmonary disease (COPD), congestive heart failure (CHF),
coronary artery disease (CAD), diabetes, hypertension, obe-
sity (defined by body mass index >30.0), and tobacco use.

Finally, the mean total reimbursements (±SE) for the day
of surgery in the OD versus ODR cohort were compared via
unpaired t test. All statistical analyses were performed
using the PearlDiver software, Microsoft Excel, or Graph-
Pad Prism, Version 9 (GraphPad Software). Significance
was defined as P � .05 for all analyses.

RESULTS

Study Population

The study population consisted of 41,932 patients who
underwent surgical treatment via OD (n ¼ 17,139) or ODR
(n ¼ 24,793) for lateral epicondylitis from 2010 to 2019.
Table 1 shows the patient characteristics by cohort. Com-
pared with patients in the OD cohort, patients in the ODR
cohort were significantly older (P ¼ .05), more likely to be
male (P¼ .003), and less likely to be tobacco users (P¼ .001)
(Table 1).

Between 2010 and 2019, there was an annual decrease in
the number of procedures performed for both OD and ODR
(with a slight increase in 2019 for ODR) (Figure 1A).
Consequently, there was no significant change in the per-
centage of total surgeries via OD versus ODR each year
(P ¼ .18). While not statistically significant, there was a
6.5% increase in utilization of ODR relative to OD from
2017 to 2019. (Figure 1B).

When stratified by age group, the patients who received
the most lateral epicondyle debridement procedures were
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aged 40 to 44 years (n¼ 7404; 17.7% of total), 45 to 49 years
(n ¼ 10,014; 23.9% of total), and 50 to 54 years (n ¼ 9166;
21.9% of total) years (Figure 2). These patients aged 40 to
54 years accounted for 63.4% of all debridements performed
from 2010 to 2019.

Adverse Events After 90 Days

The incidence of 90-day postoperative complications is
depicted in Table 2. Logistic regression analysis revealed
that patients who had ODR had fewer hematoma-related
adverse events compared with patients who had OD (odds
ratio, 0.58 [95% CI, 0.35-0.97]; P ¼ .04).

The incidence of 90-day AAEs was 1.11% for OD versus
1.05% for ODR (P¼ .88). By multivariate analysis, the ODR
cohort had a significantly lower risk of hematoma forma-
tion compared with the OD cohort (0.12% vs 0.19%, respec-
tively; odds ratio, 0.58; P ¼ .04).

Assessing risk factors for complications, we found that
asthma, CKD, COPD, CHF, CAD, diabetes, hypertension,
obesity, and tobacco use were significant predictors of expe-
riencing AAE in the 90 days after OD or ODR (P < .05 for
each) (Table 3).

Reoperation Rates After 5 Years

Kaplan-Meier analysis for the 5-year reoperation rates
after OD and ODR can be seen in Figure 3. Overall,
15,105 patients (OD, 5663 and ODR, 9442) had 5-year
follow-up data and ICD-10 laterality-specific diagnosis cod-
ing to be included in the reoperation analysis. Further-
more, OD had 162 reoperations (3.9%) and ODR had 195
reoperations (2.8%) at 5 years follow-up. ODR had a signif-
icantly lower reoperation rate than OD (2.8% vs 3.9%), with
an absolute risk reduction of 1.1% and a number needed to
treat of 91. Based on the log-rank test, the 5-year reopera-
tion rate was significantly greater in the OD cohort relative
to the ODR cohort (P ¼ .006). Multivariate logistic regres-
sion analysis showed that the risk of reoperation was still
significantly greater in the OD versus ODR cohort when
controlling for age, sex, tobacco smoking, and ECI score
(odds ratio ¼ 1.67 [95% CI, 1.26-2.21]; P < .001).

Reimbursement

On average, there was a 13.8% increase in reimbursement
for ODR compared with OD. The mean same-day total
reimbursement for OD was $1479.05 ± $15.78, which was
significantly lower compared with ODR of $1683.17 ±
$12.15 (P < .001) (Figure 4).

DISCUSSION

This study showed that the 5-year reoperation rate for
patients undergoing open debridement, regardless of con-
comitant tendon repair, was low. However, OD (3.9%) had

Figure 1. (A) Annual incidence (absolute number) of lateral epicondylitis debridements performed via OD versus ODR from 2010 to
2019 within the PearlDiver database. (B) Annual percentage of lateral epicondylitis debridements performed via OD versus an ODR
approach as a percentage of the total surgeries performed annually (2010 to 2019) within the PearlDiver database. P ¼ .18 for
percentage trend over time. OD, open debridement alone; ODR, open debridement with tendon repair.

TABLE 1
Patient Demographics and Select Comorbidities by Study

Groupa

OD Cohort
(n ¼ 17,139; 40.9%)

ODR Cohort
(24,793; 59.1%) P

Age, y 48.67 ± 8.49 49.11 ± 8.56 .05
Male sex 7116 (41.5) 10,658 (43.0) .003
Obesity 4824 (28.1) 6796 (27.4) .10
Tobacco use 6716 (39.2) 9104 (36.7) < .001
ECI score 2.31 ± 2.50 2.34 ± 2.46 .28
ECI score grouping

0 4607 (26.9) 6304 (25.4)
1-3 8381 (48.9) 12,458 (50.2)
4-5 2367 (13.8) 3417 (13.8)
>5 1784 (10.4) 2614 (10.5)

aData are reported as mean ± SD or n (%). Boldface P values
indicate statistically significant difference between groups (P� .05).
ECI, Elixhauser Comorbidity Index; OD, open debridement alone;
ODR, open debridement with tendon repair.
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a slightly but statistically significantly higher reoperation
rate than ODR (2.8%). These findings statistically con-
firmed our primary hypothesis of higher reoperation rates
existing in patients undergoing OD versus those undergo-
ing ODR; however, the clinical significance that pertains
to this subtle difference needs to be further elucidated. In
addition, this study found the incidence of 90-day compli-
cations was low for both OD and ODR, with no differences
detected between the 2 cohorts apart from hematoma’s
being slightly more common in the ODR cohort. We also
identified asthma, CKD, COPD, CHF, CAD, diabetes, obe-
sity, hypertension, and tobacco use as all being significant
predictors of experiencing 90-day AAEs after OD or ODR.
From 2010 to 2019, the total number of open debridements

(alone and with repair) performed decreased, with no sta-
tistically significant changes in the percentage of OD ver-
sus ODR performed annually. Finally, ODR ($1683.17)
had a mean 14% higher same-day total reimbursement
rate compared with OD ($1479.05).

As described in the earlier studies involving Nirschl9,19

as well as Nirschl and Pettrone,20 debridement with pri-
mary repair of the ECRB tendon has demonstrated favor-
able and durable outcomes with high rates of satisfaction
and return to full activity. In a case series of 16 patients,
Thornton et al33 reported less postoperative pain, superior
grip and pinch strength, and no failures after debridement
and repair of the ECRB tendon to the lateral epicondyle at
minimum 2 years follow-up. Similarly, Li et al16 reported
significantly better outcomes for patients who underwent
arthroscopic debridement with tendon repair (n ¼ 19) com-
pared with those who underwent arthroscopic debridement
alone (n¼ 33), with no reported failures at minimum 1 year
follow-up. In a randomized controlled trial, Monto17

reported that OD and anatomic repair of the ECRB tendon
resulted in clinically superior outcomes in all short-term
and long-term scoring intervals compared with those trea-
ted with OD alone. Interestingly, there were zero failures in
the repair group (defined as poor outcomes and/or reopera-
tions), but 3 of 30 (10%) clinical failures in the OD alone
group, with 2 of these failures undergoing subsequent con-
version to anchored repairs with excellent clinical results.17

However, the primary limitation cited by both Li et al and
Monto pertained to the relatively small sample sizes used to
report their comparative findings of operative failure.
Therefore, with the 2008 implementation of more specific
CPT codes and laterality-specific ICD-10 codes in 2015, the
present study aimed to better define and differentiate the
failure rates of OD versus ODR in a large cohort of
patients.35

In the present study, we analyzed 15,105 patients with
both ICD-10 coded diagnoses and 5-year follow-up data
who were initially treated with OD or ODR. We found

Figure 2. Age distribution of patients undergoing open
debridement alone and open debridement with tendon repair
for lateral epicondylitis from 2010 to 2019 within the PearlDi-
ver database.

TABLE 2
Comparison of Adverse Events at 90 Days Postoperatively Between the OD and ODR Cohortsa

Complication
OD Cohort

(n ¼ 17,139; 40.9%)
ODR Cohort

(n ¼ 24,793; 59.1%)) Odds Ratio (95% CI) P

90-day AAEs 190 (1.11) 260 (1.05) 0.99 (0.81-1.21) .88
Hematoma 33 (0.19) 30 (0.12) 0.58 (0.35-0.97) .04
AKI 33 (0.19) 36 (0.15) 0.76 (0.46-1.26) .28
SSI 106 (0.62) 118 (0.48) 0.81 (0.61-1.07) .14
Transfusion 5 (0.03) 4 (0.02) 0.82 (0.18-4.17) .79
Wound dehiscence 33 (0.19) 30 (0.12) 0.98 (0.68-1.43) .91
Sepsis 23 (0.13) 30 (0.12) 1.02 (0.57-1.90) .94
DVT 33 (0.19) 52 (0.21) 1.02 (0.65-1.62) .93
Nerve injury 15 (0.09) 24 (0.10) 1.41 (0.69-3.09) .36
PE 18 (0.11) 38 (0.15) 1.52 (0.85-2.85) .17

aData are reported as n (%) unless otherwise indicated. Boldface P value indicates statistical significance (P� .05). Each qualifying patient
was only counted once regardless of the number of adverse events the patient experienced in that category. Comparisons were made using
multivariate logistic regression, controlling for age, sex, tobacco use, and ECI. AAE, any adverse event; AKI, acute kidney injury; DVT, deep
vein thrombosis; ECI, Elixhauser Comorbidity Index; OD, open debridement alone; ODR, open debridement with tendon repair; PE, pulmo-
nary embolism; SSI, surgical site infection.
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that patients treated with OD (n¼ 162 reoperations; 3.9%)
had higher reoperation rates than patients treated with
ODR (n ¼ 195 reoperations; 2.8%) at 5-year follow-up.
While previous systematic reviews have not differentiated
between OD and ODR, these failure rates are in agree-
ment and within the range of the reported failure rate
(2% to 5%) for open procedures.3,13,18,21,25,29,36 Further-
more, previous studies have suggested that common
extensor tendon repair to the lateral epicondyle after

debridement may enhance the biomechanical healing
at the origin of tendon compared with an unrepaired
tendon.14,16,17,23,33 Previous studies have used this as an
explanation for the reported improved outcomes and lower
failure rates compared with those treated without
repair.16,17 Similarly, this may be the reason for the
slightly but significantly lower reoperation rates seen in
our ODR cohort. In addition, the present study found that
91 patients would need to be treated with ODR to prevent
1 reoperation compared with OD. It is important to note
that, although the difference in failure rates is statisti-
cally significant, there was an overall small difference in
reoperation rates between the procedures. To our knowl-
edge, these failure rates, defined by the presence of a sec-
ondary lateral epicondylitis surgery, have not been
reported using large cohorts, and the clinical and biome-
chanical significance of these findings need to be further
investigated.

The 90-day adverse events for OD and ODR have not
previously been well-defined. The most common complica-
tion for OD and ODR in the present study was surgical-
site infection (0.6%). This finding is in agreement with
Pomerantz,22 who analyzed the complication rates from
67 articles and reported an overall infection rate of 0.5%
in open procedures of lateral epicondylitis. In addition,
hematoma formation has been reported in multiple cases
after open treatment for lateral epicondylitis.2,22,24,31,37

Although rare, we found that OD had a significantly higher
incidence of hematoma (n¼ 33; 0.19%) formation than ODR
(n ¼ 30; 0.12%) (P ¼ .04). This discrepancy, although sig-
nificant, could be the result of the adequate power of this
study to detect a subtle difference, differences in patient

Figure 3. Five-year Kaplan-Meier curves depicting reopera-
tion rates for lateral epicondylitis in patients undergoing index
OD versus ODR. Curves were compared by log-rank test,
with a cumulative 5-year reoperation rate of 3.9% for patients
undergoing OD versus 2.8% for patients undergoing ODR
(P¼ .006). OD, open debridement alone; ODR, open debride-
ment with tendon repair. * is used to show the significant
P-value.

Figure 4. Mean total reimbursement for day of surgery treat-
ment for OD versus ODR for lateral epicondylitis. Error bars
represent SE. Mean reimbursement for OD was $1,479.05 ±
$15.78, and mean reimbursement for ODR was $1,683.17 ±
$12.15 (P < .001). OD, open debridement alone; ODR, open
debridement with tendon repair.

TABLE 3
Risk Factors for 90-day AAEs in the Overall Cohorta

Risk Factor Odds Ratio (95% CI) P

ODR 1.03 (0.97-1.09) .341
Male sex 1.04 (0.98-1.11) .202
Age >45 y 1.01 (0.94-1.09) .753
Asthma 1.18 (1.09-1.28) < .001
CKD 3.83 (3.47-4.24) < .001
COPD 1.62 (1.51-1.75) < .001
CHF 2.06 (1.78-2.39) < .001
CAD 1.41 (1.32-1.52) < .001
Diabetes 1.50 (1.39-1.62) < .001
Hypertension 1.35 (1.27-1.45) < .001
Obesity 1.32 (1.24-1.41) < .001
Tobacco use 1.53 (1.43-1.62) < .001

aComparisons were made using multivariate logistic regres-
sion. Boldface P values indicate statistical significance (P � .05).
AAE, any adverse event; CAD, coronary artery disease; CHF, con-
gestive heart failure; CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; ODR, open debridement with ten-
don repair.
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selection, or greater percentage of tobacco smokers under-
going OD, but the possibility remains that it could also be
the attributed to the increased dead space available for
hematoma formation at the extensor origin when the ten-
don is not repaired. Nevertheless, the 90-day adverse
events reported from our large cohort suggests that OD and
ODR can be performed safely, with similar rates between
the 2 methods.

In addition to the complication rates for OD and ODR, we
found that asthma, CKD, COPD, CHF, CAD, diabetes,
hypertension, obesity, and tobacco use were significant pre-
dictors of experiencing 90-day postoperative adverse events
after OD and ODR. Similarly, Guillou et al10 analyzed the
prognostic factors for surgically treated lateral epicondyli-
tis and found that tobacco use was associated with poor
outcomes. Few studies have defined specific risk factors
for 90-day adverse events after OD or ODR of lateral
epicondylitis.10 While there were minimal differences in
90-day adverse events between the cohorts, surgeons
should be aware of these potential risk factors as we work
toward improving patient outcomes and mitigating
procedure-associated risks.

Finally, from 2010 to 2019, the overall number of ODs
(alone and with repair) performed decreased. These
results are in agreement with Wang et al,35 who reported
a decrease in incidence for open procedures of lateral epi-
condylitis. We found that there were no significant
changes in the percentage of OD versus ODR performed
annually. While not statistically significant, there was a
6.5% increase in utilization of ODR relative to OD from
2017 to 2019. In addition, the same-day total reimburse-
ment rate for ODR was 14% higher ($1683.17 ± $12.15) on
average and significantly greater than that of OD
($1479.05 ± $15.78). The higher surgeon reimbursement
rates for ODR reported in this study may be explained by
the longer operative time and increased amount of labor
when performing concomitant repair.17,27,36 While these
secondary outcomes are less important for choosing
between OD and ODR, reimbursement rates provide
important information on health care spending consid-
erations. This study uses a large number of patients to
compare OD versus ODR for lateral epicondylitis, and
these findings may be the first step in developing more
focused randomized controlled trials to assess these 2
operative methods.

Strengths and Limitations

The present study has some notable strengths. First,
advantages of the PearlDiver database include its diverse,
nationally representative patient population, which cov-
ers the nation geographically and also with respect to
insurance plan types, including commercial insurance,
Medicare, Medicaid, and self-pay. Next, the large number
of patients included in this study allows for adequate
power to compare rare events, such as reoperations
and complications, in patients undergoing OD alone or
OD with common extensor tendon repair for lateral
epicondylitis.

There are several well-documented limitations inherent
to large national databases such as PearlDiver and the ret-
rospective nature of this study. The use of ICD codes
allowed us to include patients that were diagnosed only
with lateral epicondylitis and exclude any other diagnoses
(eg, medial epicondylitis, rheumatoid arthritis, osteoarthri-
tis, etc) when paired with specific post-2008 CPT codes.
However, whenever such coding is used, the accuracy of the
data is a reflection of the accuracy of coding performed by
physicians and billers.

Second, as data available from this national administra-
tive database are based on claims data, variables outside
those already present in the database are not available.
Therefore, we were unable to assess factors such as extent
of lateral epicondyle disease, strength, activity differ-
ences, anticoagulant use, NSAID use, or workers’ compen-
sation status between treatment groups. However, we
sought to eliminate common limitations associated with
reporting reoperation rates from a large database like
PearlDiver. First, the 5-year operation rate included only
patients with a documented ICD-10 diagnosis code for lat-
eral epicondylitis and excluded any patient with ICD-9
codes (ambiguous laterality). In addition, the ICD-10
codes for lateral epicondylitis indicate laterality (right or
left elbow) of the index and (if relevant) revision proce-
dures and thus can track ipsilateral reoperations for only
the treatment of lateral epicondylitis during the 5-year
follow-up period. As such, we were able to exclude any
reoperations on the ipsilateral elbow that were not related
to the initial lateral epicondylitis (ie, medial epicondylitis,
rheumatoid arthritis, osteoarthritis, or any other diagno-
ses) and any operations on the contralateral elbow (even
for lateral epicondylitis) that would have otherwise been
counted as a reoperation. We also used multivariate logis-
tical regression to control for potential cofounders. Cumu-
latively, we believe the use of ICD-10 diagnosis code for
lateral epicondylitis, laterality-specific codes for the index
and revision procedures, and use of multivariate logistical
regression to control for potential confounders, eliminated
many of the previously reported PearlDiver database lim-
itations when using unspecific coding and ambiguous
laterality.

A third limitation was that, as a result of our cohorts for
OD and ODR deriving from CPT-code based claims data,
we were unable to characterize the specific surgical
approaches used for ECRB tendon repair (eg, direct suture
anchor repair/reattachment vs side-to-side repair) within
our ODR cohort and particular indication for OD versus
ODR. Based on experience in our institution, surgeon pref-
erence frequently influences the decision to pursue OD
versus ODR. ODR has also been proven to be particularly
effective for chronic, recalcitrant lateral epicondylitis with
regard to strength, return to previous activities, and pain
relief and to produce more consistent outcomes.33 How-
ever, lack of randomization with regard to whether tendon
repair was performed could affect our results. Fourth, our
cost data derived from day-of-surgery reimbursements to
the surgeon and the facility and for prescription medica-
tions. The PearlDiver database prevents us from analyz-
ing the total cost of the surgeries to the health care system
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(which also includes cost of implants for anchor repairs)–-
a metric that would further aid assessment of the cost
versus benefit of ODR versus OD alone for lateral epicon-
dylitis. Finally, although we did not use a Bonferroni cor-
rection, which has been debated in the literature, we
acknowledge that this may have computed insignificant
findings for hematoma formation and reoperation rates.
In light of this, we favored reporting these results but
focused the discussion on the clinical application given the
small difference in magnitude but statistically significant
difference. Given the large cohort and power used to report
the findings in this study, the clinical significance and
differences between the 2 procedures need to be clinically
correlated in future studies.

CONCLUSION

For recalcitrant lateral epicondylitis, OD and ODR had
very low complication rates. While the 5-year reoperation
rate was low in patients treated with both methods, it
was significantly higher in those treated with OD. Over
the 10-year period, there were no significant changes in
the relative percentages of OD versus ODR performed.
ODR had a significantly higher mean same-day surgeon
reimbursement.
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