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ARTICLE INFO Background: Lateral epicondylitis is the most common cause of lateral elbow pain in adults, and
nonoperative treatment is the first-line management modality of choice. Pain refractory to conservative
management may improve with surgical interventions involving extensor carpi radialis brevis
débridement or denervation. This investigation was conducted to evaluate the long-term analgesic ef-
ficacy, incidence of postoperative sensory deficits, and postoperative elbow functionality in patients who
underwent a denervation surgery of the posterior branch of the posterior cutaneous nerve of the forearm
(PBPCNF) for refractory lateral epicondylitis.
Methods: This investigation was an institutional review board—approved, single-center, single-surgeon
case series of 22 patients who underwent denervation surgery with an average final follow-up of 4.7
years. Inclusion criteria for surgery were a minimum of 6 months symptom duration refractory to
conservative therapies, a minimum of 2 years clinical follow-up, and significant (70-80%) pain relief from
the nerve block test. Visual Analog Scale pain and Single Assessment Numeric Evaluation scores were
used to assess pain and function, respectively. The incidence of postoperative sensory deficits was
evaluated via clinical exam.
Results: Compared to the preoperative average, the cohort’s mean Visual Analog Scale pain was
significantly decreased at all postoperative follow-up intervals, including 2 weeks, 1 year, and final
average follow-up of 4.7 years. At the final follow-up, the mean Single Assessment Numeric Evaluation
score was 98.8 + 2.6, and one patient (4.5%), who reported the same sensory deficit preoperatively,
reported postoperative sensory deficits.
Conclusion: The PBPCNF denervation procedure is a highly efficacious procedure for achieving long-
term pain control in the treatment of refractory lateral epicondylitis. The PBPCNF denervation proced-
ure affords patients a high level of postoperative functionality with a low incidence of sensory deficits.
© 2024 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Lateral epicondylitis, also known as tennis elbow, is a common
cause of elbow pain. The annual incidence of lateral epicondylitis is
1-3% in the US, affecting both men and women equally.>® Epi-
condylitis is a misnomer for this condition, as tennis elbow is a
tendinosis injury, characterized by chronic degeneration of the
common extensor tendon.! This tendinosis is thought to arise from
activities that involve repetitive loading and wrist extension,
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bending or twisting, radial deviation, or forearm supination, such as
in screwing motions, culminating in micro-tearing and incomplete
repair.”® Several risk factors have been associated with lateral epi-
condylitis, including smoking, obesity, repetitive movements for at
least two hours daily, vigorous activity, such as managing physical
loads over 20kg, history of rotator cuff pathology, De Quervain's
tenosynovitis, carpal tunnel syndrome, and prolonged oral corti-
costeroid therapy.'>!

Lateral epicondylitis typically affects the origin of the common
extensor muscles of the forearm, including the extensor carpi
radialis brevis (ECRB), extensor digitorum, extensor digiti minimi
and extensor carpi ulnaris at the level of the lateral epicondyle of
the humerus. Histologic examination of the common extensor
origin has revealed angiofibroblastic hyperplasia, collagen
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disorganization, and vascular hyperplasia, with a lack of inflam-
matory cells.”'%*? Magnetic resonance imaging can reveal intra-
substance tears, marked irregularity of the lateral epicondyle,
calcifications, thickening and heterogeneity of the common
extensor tendon, and can be a useful imaging modality for injury
pathological characterization.'®

Initial management of this condition typically involves nonop-
erative methods, with spontaneous recovery usually occurring
within 1-2 years in 80-90% of the affected population.'®!"4
Nonoperative management may consist of physical therapy with
eccentric strengthening exercises of the wrist extensors, counter-
traction bracing, ice after activity, oral or topical NSAIDs. In some
cases, clinicians may consider corticosteroid or platelet-rich plasma
(PRP) injections. While local corticosteroid injections are
commonly employed for their short-term analgesic effects, their
long-term use has been associated with adverse outcomes,
including diminished pain relief and grip strength,>* along with
well-documented side effects such as localized skin hypo-
pigmentation, skin atrophy, tendon rupture, and infection.”?' PRP
injections, which include both leukocyte-rich and leukocyte-poor
formulations, have emerged as a potential solution to enhance
tendon healing through the stimulation of growth factors. Despite
encouraging results in preclinical trials,'® a recent randomized
controlled trial assessing the efficacy of PRP injections reported no
significant improvements in pain or functionality when compared
to control groups, regardless of leukocyte content, during an 8-
week follow-up period.>® Although activity modification and
bracing are often first-line managements, with the goal of reducing
mechanical stress to facilitate healing of the pathologic “angiofi-
broblastic” alterations of the ECRB tendon, pain that is nonre-
sponsive or refractory after prolonged conservative treatment may
require other treatment techniques.?? Surgical treatment options
include arthroscopic or open debiridement, release or repair of the
ECRB, and posterior cutaneous nerve of the forearm (PBPCNF)
denervation surgery.

Partial joint denervation has been shown to preserve joint
function while reducing pain by interrupting afferent nerve path-
ways.'? In a cadaveric study by Dellon,'? the posterior branch of the
PBPCNF was found to innervate the lateral epicondyle in 100% of
specimens. Sasaki et al showed that an increase in perivascular
sympathetic innervation accompanied with associated loss of
sensory innervation at the undersurface of the ECRB may play a role
in chronic tennis elbow.”® A study conducted by Rose et al involving
30 denervated elbows with an average follow-up of 28 months
showed a significant improvement in pain in patients with a pos-
itive preoperative diagnostic nerve block test prior to surgery.”’ A
more recent study conducted by Satake et al reported 90% of the 15
elbows included in the study had significant pain improvement,
with a follow-up of 30 months.?*

This investigation was conducted to assess the analgesic effi-
cacy, incidence of postoperative sensory deficits, and impacts on
functionality of the PBPCNF denervation surgery for refractory
tendinosis of the common extensor tendon, or lateral epicondylitis.
The primary objective of this investigation was to assess and
quantify the long-term pain control afforded by this denervation
procedure in patients suffering from refractory lateral epicondylitis.
As a secondary objective, we examined the incidence of post-
operative residual sensory disturbances following the PBPCNF
denervation procedure. With the incidence of residual sensory
disturbance reported to be as high as 20%, we examined if this
incidence may differ significantly across institutions and tech-
niques and if the incidence may change with greater follow-up
length.?? As a tertiary objective, we assessed if patients experi-
enced any limitations in elbow functionality following the dener-
vation procedure.
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Materials and methods

This investigation was an institutional review board—approved
retrospective case series for patients treated with the PBPCNF
denervation procedure. All included patients were treated by a
single fellowship-trained orthopedic sports medicine surgeon at a
high-volume shoulder and elbow practice.

The diagnosis of lateral epicondylitis was made using several
common clinical assessments, including tenderness of the lateral
epicondyle and pain on resisted long-finger extension. Following
the failure of conservative management to eliminate or reduce pain
to tolerable levels, the PBPCNF denervation procedure was
considered for these patients. Prior to the procedure, all patients
underwent a diagnostic and therapeutic nerve block injection, or
“block test”, of the posterior branch of the PBPCNF. As described by
Rose et al, the nerve block test is comprised of 2.5 mL 1% lidocaine
and 2.5 mL 0.25% bupivacaine and is administered 4 cm proximal to
the lateral epicondyle of the humerus.?” This diagnostic nerve block
is used to confirm that the patient’s pain is arising from lateral
epicondylitis, and it thereby serves as a diagnostic measure to
differentiate pain arising from the area of concern innervated by
the PBPCNF vs. pain arising from other causes. The PBPCNF
denervation procedure is only offered to those patients who exhibit
significant pain relief, greater than 70%-80%, following adminis-
tration of this block test. Postoperatively, a similar rehabilitation
protocol as that described by Rose et al, is followed, with the slight
modification that patients are allowed to return to full activity 4-6
weeks after surgery.'”

Between 9/2013 — 4/2022, 27 patients underwent the PBPCNF
denervation procedure for treatment of elbow pain due to lateral
epicondylitis that was refractory to conservative management
techniques, including physical therapy and local injections. All pa-
tients were managed conservatively with physical therapy, and 12
patients received a steroid injection. Failure of conservative man-
agement was defined symptomatic lateral epicondylitis present 6
months after initiation of conservative measures. Of these 27 pa-
tients, 22 met the inclusion criteria for this investigation, including
minimum clinical follow-up of two years and significant pain
reduction following the diagnostic nerve block test. Five patients
from this cohort were excluded from our analysis. Two patients
were excluded due to preexisting cognitive issues that complicated
follow-up assessments, and three patients were lost to follow-up
during the study period despite repeated attempts to establish
follow-up. In the final cohort of 22 patients, the average age was
49.7 + 8.0 years. 15 patients were male, and 7 were female. 10
procedures were completed on right elbows and 12 left. The
average final follow-up length was 4.7 + 2.7 years with a range of
2.0-10.4 years.

The primary outcome of interest in this investigation was Visual
Analog Scale (VAS) pain. VAS pain is scored on a scale of 0 -10, with
0 indicative of no pain and 10 indicative of maximal pain. VAS pain
scores were collected preoperatively and postoperatively at 2
weeks, 1 year, and at final follow-up for all 22 patients.

The secondary outcome of interest was the incidence of post-
operative sensory deficits arising in the dermatome of the PBPCNF.
Postoperative sensory deficits, if present, were identified and
examined in follow-up appointments. Clinical assessment was
conducted to elucidate if these sensory deficits were likely a
complication of the PBPCNF procedure or if they likely arose due to
extraneous causes. This determination was made by assessing the
clinical presentation of any sensory deficits, closely examining if
any dysesthesia or numbness was present in the proximal
posterolateral elbow or forearm. Patient history was also used in
this assessment, and patients were specifically asked about the
temporal onset of these sensory deficits and if the sensory area
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affected resembles that of the pain location of their lateral
epicondylitis.

The tertiary outcome of interest was the Single Assessment
Numeric Evaluation (SANE) score. The SANE score is a validated and
reliable patient-reported outcome measure used to assess func-
tionality across a spectrum of orthopedic pathologies.?>*>>? The
SANE score is scored on a scale of 0 to 100, with 100 being maximal
functionality. The SANE score has been validated for assessment of
numerous shoulder pathologies and has been shown to be strongly
correlated with the American Shoulder and Elbow Surgeons score
and Western Ontario Rotator Cuff Index.>* The SANE score was
assessed by asking patients: “What percentage of normal is your
elbow, with 100% being normal?”. We used the SANE score in this
study to investigate if the PBPCNF procedure impacted patients’
reporting of their upper extremity functionality. SANE scores were
collected for all patients (22) at final follow-up.

In completing statistical analyses of the data, summary statis-
tics, including means and standard deviations, were calculated, and
hypothesis testing was completed using the Wilcoxon signed-rank
test with the 95% confidence interval (CI) for the mean difference to
assess for differences between preoperative and postoperative VAS
pain scores at the multiple postoperative intervals. Alpha was set at
0.05 for all statistical tests. All statistical analyses were completed
using R software (R Core Team Version 2022.07.1 + 554; R Foun-
dation for Statistical Computing, Vienna, Austria).

Results

VAS Pain scores were collected at several intervals, including
preoperatively and postoperatively at 2 weeks, 1 year, and at final
follow-up with an average of 4.7 years. At the preoperative interval,
the cohort’s mean VAS pain score was 6.5 + 1.3. At 2 weeks post-
operative, mean VAS pain decreased to 1.0 + 1.5 (95% C = 4.9 - 6.1,
P <.001). At 1 year postoperative, the mean VAS pain was 0.3 + 0.8
(95% CI = 5.7 - 6.6; P < .0001). At final follow-up of average 4.7
years, the mean VAS pain was 0.1 + 0.4 (95% Cl = 5.9 -6.8; P <.001).
The VAS pain scores for all patients at all follow-up points are
available in Table 1.

At final follow-up, patients were interviewed and clinically
assessed for any postoperative sensory deficits. 1 patient (4.5%)
reported the presence of sensory deficits and was assessed in the
clinic to identify if these deficits arose as a direct sequela of the
PBPCNF procedure. This patient presented with sensory deficits of
the posterolateral elbow and reported that these deficits were
present prior to the PBPCNF procedure and had arisen following a
previous injection for pain control. The presence or absence of
postoperative sensory deficits at final follow-up for all patients are
available in Table 1.

The SANE score was assessed at final follow-up to elucidate if
patients experienced any functional limitations or dysfunction
postoperatively. At final follow-up, the patient cohort of 22 patients
had a mean SANE score of 98.8 + 2.6. The SANE scores for all pa-
tients at follow-up are available in Table L.

Discussion

Lateral epicondylitis is one of the most common causes of
elbow pain in patients presenting with elbow pain in general,
with annual incidence of 1-3% in the US affecting both men and
women equally.>®> Conservative treatment remains to be the
initial modality for management. Pain that is nonresponsive or
refractory after several months of conservative treatment may
require more invasive treatment techniques, including percuta-
neous ultrasonic tenotomy and percutaneous needle tenotomy,
both of which have been shown to yield significant pain relief

228

JSES International 9 (2025) 226—230

and improved daily function at 1 and 3 years post-
operative.>*3%3> However, percutaneous procedures have been
shown to yield a higher complication rate than arthroscopic
procedures.”® Surgical treatment options include arthroscopic or
open débridement or release of a portion of the ECRB, and
denervation surgery.

In this study, VAS pain scores of 22 patients collected preoper-
atively and postoperatively at a final average follow-up of 4.7 years
showed a significant decrease from 6.5 to 0.1, respectively. This
finding is in accord with those of other studies and illustrates that
the PBPCNF neurectomy procedure provides substantial long-term
pain control for patients suffering from refractory lateral epi-
condylitis. Rose et al assessed 30 denervated elbows preoperatively
and postoperatively with mean follow-up of 34 months and found a
significant decrease in average VAS pain, decreasing from an
average of 7.9 to 1.9, respectively.?” Moreover, a study conducted by
Berry et al compared the VAS pain scale ranges within patients
undergoing either an epicondylectomy alone (17 patients, mean
follow-up of 7.5 months), a combined epicondylectomy and neu-
rectomy (7 patients, mean follow-up of 16.0 months), or a neu-
rectomy alone (6 patients, mean follow-up of 16.3 months).” They
found that patients treated with denervation alone improved
significantly more than those who underwent epicondylectomy
with a mean VAS of 0.5 versus 5.1, respectively. The combined
epicondylectomy and neurectomy procedure did not yield signifi-
cantly different outcomes than the epicondylectomy alone, with a
mean VAS of 1.3 versus 5.1, respectively. In addition, postoperative
recovery from the denervation procedure alone was shown to be
significantly faster than that of the epicondylectomy alone, with
average return to work of 41 days versus 125 days, respectively.®
Therefore, there are certain advantages in utilizing the denerva-
tion procedure, and this investigation provides long-term follow-
up data illustrating longitudinal pain-control for refractory lateral
epicondylitis.

In our secondary objective, we examined the incidence of
postoperative sensory deficits following the PBPCNF denervation
procedure. We found that 1 of 22 patients (4.5%) in this cohort
reported postoperative sensory deficits at final follow-up time of
4.7 years. Of note, this patient reported that the sensory deficits
were present prior to the procedure and arose from a previous
ultrasound-guided needle tendon débridement which failed to
provide pain control. Although this procedure has demonstrated
some success in enhancing short-term pain relief and functional
outcomes, Boden et al reported that 20% of their study cohort
experienced persistent pain necessitating surgical intervention,®
while Chalian et al observed a 10% surgical intervention rate af-
ter the initial treatment with ultrasound-guided percutaneous
needle tenotomy procedure in their cohort.” Nevertheless, the low
incidence of postoperative sensory deficits illustrated here is in
accord with our expectations, as denervation involves transection
of the PBPCNF and keeps the cutaneous component intact.!”

Our results are similar to those of other studies examining
neurectomy in treating lateral epicondylitis and provide longer
follow-up data to further support the findings of previous in-
vestigators. Rose et al showed 5 out of 30 patients (16.7%) in their
study on PBPCNF denervation developed dysesthesias in the
posterolateral forearm that completely resolved in 80% of those
affected within 3 months postoperatively.?’” Additionally, Satake
et al observed sensory disturbance in the distribution of the
PBPCNF in approximately 9 out of 10 cases, with resolution of the
dysesthesia in an average of 12.2 months.? Bateman et al showed
that denervation of the lateral epicondyle had a high margin of
safety and resulted in no sensory complications with an average
follow-up time of 21 months in addition to significantly improving
perioperative pain.> Therefore, the denervation procedure to treat
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Table I
Demographic data and outcomes.
Patient no. Age Sex Laterality  Follow-up (months)  VAS pain score Sensory disturbance  SANE score
Preop 2 Weeks postop 1 Year postop  Final follow-up
1 55 M L 108 5 2 0 1] No 100
2 50 M R 98 8 2 0 0 No 100
3 52 M L 95 5 3 0 0 No 100
4 53 M R 93 4 4 0 0 No 100
5 56 M R 80 5 0 0 0 No 100
6 67 F L 77 7 0 0 0 No 100
7 47 M L 67 9 0 0 0 No 100
8 59 M L 65 7 0 0 0 No 100
9 44 F L 59 8 1 3 0 No 90
10 46 F R 56 6 2 2 0 No 95
11 46 M R 51 7 5 0 1] No 100
12 55 F R 47 6 1 0 0 No 100
13 37 M R 32 5 1 2 2 Yes 95
14 49 F R 28 8 0 0 0 No 99
15 50 F L 25 7 0 0 0 No 100
16 58 M R 25 7 0 0 0 No 100
17 39 M L 24 6 0 0 0 No 100
18 53 F L 125 7 0 0 0 No 100
19 58 M R 24 7 0 0 0 No 100
20 39 M L 24 6 0 0 0 No 100
21 45 M L 24 7 0 0 0 No 95
22 35 M L 24 5 0 0 0 No 100

Preop, preoperative; postop, postoperative; VAS, visual analog scale; SANE, single assessment numeric evaluation.

refractory lateral epicondylitis has been shown to be a highly effi-
cacious procedure for long-term analgesia and does not result in
postoperative sensory deficits.

Percutaneous release of the extensor origin showed no loss of
sensation or neuroma-type pain for 30 elbows in 24 patients with
an average of 36 months of follow-up.?® 1 of the 22 patients in our
study reported sensory deficits, consisting of dysesthesia in the
posterior lateral elbow that was present prior to the operation, not
consistent with this procedure. This patient was evaluated by the
senior author, and clinical examination elucidated that the dermal
distribution of the sensory deficits was in a nonanatomical distri-
bution. From our results, denervation of the PBPCNF has proven to
be a highly effective treatment for lateral epicondylitis with sig-
nificant pain reduction observed in 100% of our patients and zero
instances of dysesthesias secondary to neurectomy in the follow-up
period of 4.7 years.

Lastly, this investigation demonstrates that the PBPCNF
denervation procedure allows patients to retain a high level of
functionality of their elbow. The SANE score was used as a
measurement to elucidate if patients experienced dysfunction
following denervation for lateral epicondylitis. The SANE score is
a patient reported measure of function based on each in-
dividual's perception of normal that is highly correlated with
clinical improvement following shoulder and elbow surgery.?’
Shoulder dysfunction resulting from disuse following distal up-
per extremity injuries has been previously investigated in pa-
tients with hand injuries.”® However, recent evaluation of
patients with lateral epicondylitis has been found to have
shoulder dysfunction secondary to weakness because of these
injuries.”® At final follow-up of 4.7 years, our patient cohort
achieved a mean SANE score of 98.8, illustrating that patients do
not experience loss of function or dysfunction following the
PBPCNF denervation procedure.

This study does have several limitations. First, because this
investigation is a case series, there was a lack of a control group.
Also, there is a relatively small number of patients who met the
final inclusion criteria. This study also lacked an elbow-specific
scoring system to assess for specific functional outcome
measures.
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Conclusion

This investigation provides long-term follow-up examining the
analgesic efficacy, incidence of postoperative sensory deficits, and
postoperative functionality following the PBPCNF denervation
procedure for refractory lateral epicondylitis. With an average final
follow-up of 4.7 years, we provide extensive longitudinal data of our
patient cohort of 22 patients. In accord with the findings of previous
investigations, we have illustrated that the PBPCNF denervation
procedure is a highly efficacious procedure, yielding substantial
postoperative analgesia with a low incidence of postoperative
sensory deficits and a high level of postoperative functionality.
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