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Background: The Nirschl technique and arthroscopic débridement are common surgical procedures for
chronic lateral elbow tendinopathy. The purpose of this study was to compare outcomes following the use
of these techniques to treat chronic lateral elbow tendinopathy.
Methods: We retrospectively reviewed 59 elbows of 55 patients who did not improve after conservative
treatment. Twenty-nine elbows of 26 patients were treated with the Nirschl procedure (Nirschl group),
and 30 elbows of 29 patients were treated with arthroscopic débridement (arthroscopy group). Outcomes
were assessed subjectively with the quick Disabilities of the Arm, Shoulder and Hand questionnaire and
the visual analog scale (VAS) for pain in 3 domains (overall pain, pain at rest, and pain during hard work)
and objectively with pain-free grip strength.
Results: The Nirschl and arthroscopy groups showed significant improvements in subjective and objec-
tive outcomes at a mean of 28.5 months and 31 months, respectively (P < .05). No significant between-
group differences were found in postoperative outcomes, including quick Disabilities of the Arm, Shoulder
and Hand questionnaire scores; pain-free grip strength; and VAS scores for overall pain and pain at rest
(P > .05). However, a small but significant difference was found in the postoperative VAS score for pain
during hard work (1.6 ± 1.3 for Nirschl group vs 2.2 ± 2.0 for arthroscopy group, P = .042).
Conclusions: Both techniques are comparable and highly effective for treating chronic recalcitrant lateral
elbow tendinopathy. Although the Nirschl technique provides slightly superior pain relief during hard work,
the effect size is very small and the difference does not appear to be clinically important.
Level of evidence: Level III; Retrospective Cohort Design; Treatment Study
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Lateral elbow tendinosis (LET) is a degenerative condi-
tion occurring at the bone-tendon interface of the extensor
carpi radialis brevis (ECRB) origin at the lateral epicondyle.4

Its natural course is considered self-limiting.28 However,
a substantial proportion of patients with this condition
have pain and disability even after 1 year of various conser-
vative treatments.6,25 Patients with a symptom duration greater
than 6 months or who receive local steroid injections have
been found to have a poor potential for spontaneous
recovery5,6,25,28 and have a greater risk of undergoing surgi-
cal treatment.25 Thus, surgery is considered in patients
with a symptom duration greater than 6 months and with
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persistent severe pain despite conservative treatment for more
than 3 months.

The Nirschl procedure is time-tested and one of the most
widely used methods for surgical treatment of chronic re-
calcitrant LET.16 The arthroscopic technique is another useful
option that was developed more recently.3 The advantages of
the arthroscopic technique are that it is minimally invasive,
is able to address concomitant intra-articular pathology, and
provides early functional recovery and effective relief of pain.26

However, clinical outcomes after Nirschl and arthroscopic
tennis elbow débridement have not been directly compared
with validated measures.

The purpose of this retrospective study was to compare
outcomes after the Nirschl and arthroscopic techniques for
the treatment of chronic LET using validated outcome as-
sessment measures. The null hypothesis was that the Nirschl
and arthroscopic techniques were equally effective.

Methods

This was a retrospective comparative study of the Nirschl pro-
cedure and arthroscopic débridement for the treatment of chronic
LET. We searched our institutional database for patients who un-
derwent surgical treatment for chronic LET by a single surgeon from
January 2008 to June 2014. The indications for surgery for LET
were failure of conservative therapy for more than 3 months, symptom
duration longer than 6 months, and persistent severe pain (visual
analog scale [VAS] pain score ≥5). We made the diagnosis of
LET when tenderness to palpation at the ECRB origin of the lateral
epicondyle and the Thomsen test were positive. We routinely ex-
amined patients with LET with palpation of the soft spot and the
radiocapitellar joint line and with the lateral pivot-shift test to rule
out lesions that mimic LET, such as radiohumeral plica syndrome
or posterolateral rotatory instability. We used imaging studies, in-
cluding radiography and ultrasonography, to rule out joint or bony
lesions and to confirm degenerative changes at the ECRB origin.
The exclusion criteria were the presence of concomitant elbow lesions
likely to affect elbow function (fracture or ligament injuries at the
ipsilateral elbow, moderate to severe osteoarthritis of the elbow joint
with large osteophytes and/or joint space narrowing visible on plain
radiography, and elbow joint stiffness) and a follow-up period shorter
than 12 months after surgery.

Operative procedures

The choice of the surgical technique was made according to the sur-
geon’s discretion. The arthroscopic procedure was performed in a
modified fashion from the description of Baker et al.3 After receiv-
ing general or regional anesthesia, the patient was placed in the lateral
decubitus position, with the arm supported by a side bar and the
elbow at 90° of flexion. The elbow was prepared and draped, and
the tourniquet was inflated. After marking of landmarks and joint
distention with a 20- to 25-mL saline solution injection, the prox-
imal anteromedial portal was established as a viewing portal at
approximately 2 cm proximal to the medial epicondyle and 1 cm
anterior to the medial intermuscular septum. A 2.9-mm, 30° arthro-
scope (Linvatec, Largo, FL, USA) was introduced through the viewing
portal, and the proximal anterolateral portal was established as a

working portal under arthroscopic visualization using the outside-
in technique at the level of the proximal margin of the capitellum.
Joint distension was achieved with gravity inflow. We inspected the
elbow joint for capsule changes, cartilage degeneration, and other
pathologic lesions, such as radiohumeral plica or posterolateral ro-
tatory instability. The lateral joint capsule was released from the
proximal and lateral margins of the capitellum using a 3.5-mm shaver
(Linvatec) until the undersurface of the ECRB tendon was visual-
ized (Fig. 1, A and B). Then, we advanced the arthroscope laterally
and proximally and followed the ECRB tendon to its attachment site
to the lateral epicondyle (Fig. 1, C). Tendinosis is typically located
at the ECRB insertion site to the lateral epicondyle and looks like
lint, with the loss of a shiny surface and parallel bundles of fibers.
The ECRB tendon origin was then removed using a 2.4-mm, 30°
radiofrequency ablation device (ArthroCare, Sunnyvale, CA, USA).
Removal was begun from the proximal and anterior edge of the ECRB
footprint on the lateral epicondyle and progressed in the posterior
and distal directions, while being limited anterior to the midline of
the radial head to avoid injuries to the lateral collateral ligament.8

The ECRB tendon was distally retracted after ablation (Fig. 1, D
and E). We then used a 3.5-mm shaver to remove remnant tendinosis
and calcified tissue from the retracted ECRB tendon and the lateral
epicondyle. Decortication of the lateral epicondyle was not per-
formed. We removed the radiohumeral plica if it was symptomatic.
The skin was repaired, and a bulky compressive dressing was applied.

Open surgery was conducted following the description of Nirschl
and Pettrone.19 Under general or regional anesthesia and with tour-
niquet control, the patient was placed in the supine position. An
approximately 4- to 5-cm-long oblique incision was made just an-
terior to the lateral epicondyle. At the deep fascial layer, an interval
between the extensor carpi radialis longus (ECRL) and extensor
digitorum communis (EDC) tendons was visually identified, incised,
and spread. The ECRB tendon was identified under the EDC tendon
and was inspected for typical degenerative changes. We were able
to identify tendon degeneration visually in all open surgery cases,
and we sharply excised the tendon about 1 cm in length, including
the degenerated part, from its insertion to the lateral epicondyle. A
scratch maneuver with a No. 15 scalpel blade was used to remove
remnant degenerated tendon at the anterior EDC.7 The ECRL fascia
was then repaired to the EDC fascia with No. 3-0 absorbable sutures
to cover the defect created after the excision of the ECRB origin.
After insertion of a Silastic drain (Sewoon medical, Seoul, Korea),
the wound was repaired layer by layer, and a bulky compressive dress-
ing was applied.

Postoperative rehabilitation

The same rehabilitation protocol was applied to both the open surgery
(Nirschl) group and the arthroscopic surgery group. Active-
assisted range-of-motion exercises for the elbow started 1 day after
surgery. The bulky compressive dressing was changed to a light dress-
ing 2 days after the operation, and the sutures were removed 2 weeks
after surgery. We encouraged patients to use their arms in daily ac-
tivities and slowly progress to more difficult tasks as long as the
pain was tolerable.

Outcome assessments

An independent examiner conducted all preoperative and postop-
erative assessments. Subjective assessments included the pain VAS
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in 3 domains (overall pain, pain at rest, and pain during hard work)
and the quick Disabilities of the Arm, Shoulder and Hand
(QuickDASH) questionnaire. Objective assessments included pain-
free grip (PFG) strength. The VAS was used for assessing pain on
3 occasions: overall pain in the past week, pain at rest, and pain during
hard work. Patients were asked to mark their level of pain on a 10-
cm scale that ranged from 0 to 10, with 0 indicating no pain and
10 indicating the worst pain imaginable. The QuickDASH is a short-
ened, 11-item questionnaire developed from the 30-item, full-length

Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire.12

The QuickDASH has been validated in various upper-extremity con-
ditions and shows psychometric properties and precision for
measuring disability severity similar to those of the full-length
DASH.1,17 The QuickDASH score ranges from 0 to 100, with higher
scores representing worse disability. A QuickDASH score of less
than 20 points is considered to indicate the absence of functional
disability.30 PFG strength is the grip force generated at the onset of
pain, and it is a useful outcome measure for tennis elbow.33 For

Figure 1 Arthroscopic débridement in a 51-year-old woman with chronic recalcitrant tennis elbow. Arthroscopy was performed on the
left elbow with the patient in the lateral decubitus position. (A) A linear tear is seen at the lateral joint capsule along the path of the extensor
carpi radialis brevis (ECRB) tendon (arrowhead). (B) The ECRB tendon (arrow) is exposed after capsular débridement. It is partially ob-
scured by the radial collateral ligament (asterisk). The arthroscope was advanced laterally and proximally following the ECRB tendon to
identify the ECRB insertion to the lateral epicondyle. (C) The ECRB origin (arrow) is located near the proximal-lateral edges of the capi-
tellum (C). (D) Removal of the ECRB origin is performed with a radiofrequency ablation device. (E) The ECRB footprint (arrow) and proximally
retracted ECRB tendon (arrowhead) are now seen.
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measurement of PFG strength, the patients were seated with their
elbows at full extension and wrists and forearms in a neutral posi-
tion, and they were asked to grip a Jamar dynamometer (Patterson
Medical, Warrenville, IL, USA) until pain developed at the lateral
elbow. PFG strength was measured 3 times at 30-second intervals
and averaged. The overall outcomes after surgery were rated as ex-
cellent (<20 points), good (20-39 points), fair (40-60 points), or poor
(>60 points) based on QuickDASH scores.30

Statistical analysis

All data were shown to have a normal distribution as determined
by the Kolmogorov-Smirnov test. We used the paired t test to compare
VAS scores for pain, QuickDASH scores, and PFG strength between
the preoperative and postoperative measurements within a group and
the Student t test to compare these variables between the Nirschl
and arthroscopy groups. We used the Fisher exact test to compare
the percentage of excellent outcomes between groups. The signif-
icance level was set at P < .05. A post hoc power analysis was
performed with a t test as a model for our study. We used a minimal
clinically important difference (MCID) for the QuickDASH score
to calculate the sample size. A sample size of 19 patients per group
was necessary to achieve a statistical power of 80% for detecting
an MCID of 13.4 points in the QuickDASH score.32

Results

We identified a total of 67 consecutive patients. Of these, 12
patients were excluded because of a short follow-up period
in 9 patients and lateral ulnar collateral ligament insufficien-
cies in 3 patients, for whom the lateral collateral ligament
reconstruction was performed along with the Nirschl proce-
dure. Thus, 59 elbows in 55 patients were included in the study
cohort. The Nirschl group included 29 elbows of 26 pa-
tients, and the arthroscopy group included 30 elbows of 29
patients. The Nirschl group consisted of 19 men and 7 women
with a mean age of 51.8 years (range, 41-75 years). The ar-
throscopy group included 21 men and 8 women with a mean
age of 49.3 years (range, 36-74 years). There were no sig-
nificant differences in demographic and clinical characteristics
between the groups (P > .05, Table I). Preoperative assess-
ments of elbow function showed a high level of pain and
functional disability in both groups, but group differences were
not significant for any of the subjective and objective evalu-
ations (P > .05, Table II).

Both groups showed a significant and large improve-
ment for all outcome measures after surgery, and no significant
differences were found between the Nirschl and arthros-
copy groups regarding QuickDASH scores or PFG strength.
Postoperative VAS scores were also similar for overall pain
and pain at rest (Table III). However, pain during hard work
decreased more in the Nirschl group than in the arthroscopy
group (1.6 ± 1.3 vs 2.2 ± 2.0, P = .042). Regarding overall
outcome ratings based on QuickDASH scores, the Nirschl
group showed excellent outcomes in 22 patients (84.6%) and
good outcomes in 4 (15.4%) whereas the arthroscopy group
showed excellent outcomes in 22 patients (75.9%), good

outcomes in 5 (17.2%), and poor outcomes in 2 (6.9%). The
percentage of patients with excellent outcomes was not sig-
nificantly different between the groups (P = .510). The average
time for return to work was 10.2 ± 4.1 weeks for the Nirschl
group and 8.7 ± 3.4 weeks for the arthroscopy group (P = .146).

No complications were reported except for 1 case of mild
limitation of the flexion-extension arc in the Nirschl group.
We did not encounter any patients with posterolateral rota-
tional instability in either group during the postoperative
follow-up. No patient in either group changed his or her job
because of elbow pain. Arthroscopic findings were as follows:
We found a capsular lesion of type I as described by Baker
et al3 in 15 patients, type 2 in 11 patients, and type 3 in 3

Table I Demographic and clinical characteristics

Measures Nirschl group
(n = 26)

Arthroscopy
group (n = 29)

P value

Age (range), y 51.8 (41-75) 49.3 (36-74) .111
Female sex, n 7 (27%) 8 (28%) .6
Manual laborer, n 9 (36%) 9 (31%) .493
Height, cm 160.5 ± 8.3 162.8 ± 7.8 .322
Weight, kg 62.6 ± 10.7 61.8 ± 11.5 .824
Smoker, n 6 (23%) 8 (27.5%) .764
Involved arm

(R:L:B), n
16:7:3 25:3:1 .132

Dominant hand, n 21 (91%) 28 (96%) .090
Duration of

symptoms
(range), mo

18.5 (7-36) 16.1 (6-96) .561

Local steroid
injection, n

29 (100%) 26 (86.7%) .112

Follow-up
(range), mo

28.5 (12-78) 31 (12-64) .533

Other upper-
extremity
conditions, n

12 (46%) 10 (34%) .272

Workers’
compensation, n

0 0

B, bilateral; L, left; R, right.

Table II Comparison of preoperative elbow function

Outcomes Nirschl
group

Arthroscopy
group

P value

VAS score
Overall pain 7.3 ± 1.6 6.9 ± 1.8 .778
Pain during hard work 8.0 ± 1.6 8.7 ± 1.1 .429
Pain at rest 5.5 ± 2.0 3.8 ± 2.2 .127

QuickDASH score 53.8 ± 17.4 47.3 ± 17 .167
PFG strength, kg 5 ± 4 7 ± 9 .609
PFG strength, % 26.4 ± 20.8 24.3 ± 28 .831
F-E arc, ° 150 ± 3 147 ± 10 .295

Data are presented as mean ± standard deviation.
F-E, flexion-extension; PFG, pain-free grip; QuickDASH, quick Disabilities
of the Arm, Shoulder and Hand questionnaire; VAS, visual analog scale.

Nirschl versus arthroscopic release 121



patients. We encountered 1 patient with an asymptomatic hy-
pertrophied radiohumeral plica, but we did not remove it. This
patient showed an excellent outcome at 17 months after
surgery. We found osteoarthritis at the radiohumeral or
ulnohumeral joint in 15 of 30 elbows: Grade 1 (softening)
lesions according to the classification system of the French
Society of Arthroscopy10 were present in 3 elbows, and grade
2 (superficial fibrillation) lesions were observed in 12.

Discussion

We found that the Nirschl and arthroscopic techniques achieved
highly effective and comparable outcomes for the treatment
of chronic recalcitrant LET in this study. Although the Nirschl
technique provided significantly superior improvement in pain
relief during hard work, the effect size was very small and
the difference did not appear to be clinically important.

The most widely used open techniques for LET have been
the Nirschl technique and open tenotomy.13 However, most
of the previous studies compared outcomes of arthroscopic
techniques with those of open tenotomy. To our knowledge,
only the study by Szabo et al31 included the Nirschl proce-
dure for comparison with arthroscopic techniques. They found
no significant differences in pain scores, Anderson-Carson
scores, or complication rates between the Nirschl procedure
(41 patients), percutaneous ECRB release (24 patients), and
arthroscopic débridement modified from Baker et al3 (44 pa-
tients) at a mean follow-up of 48 months. These findings are
consistent with those of our study. On the other hand, results
from studies comparing the outcomes of open tenotomy with
those of arthroscopic débridement are somewhat heteroge-
neous. Peart et al23 compared the outcomes of 46 patients who
underwent arthroscopic débridement with those of 29 pa-
tients who underwent open release, and they found no significant
differences in good to excellent results as judged by the criteria

of Verhaar and colleagues. Rubenthaler et al24 also found no
significant differences in subjective pain scores, scores for
pain elicited by provocative tests, and Roles-Maudsdey scores
in a study comparing 20 patients who underwent endoscopic
tenotomy and 10 patients who underwent open tenotomy. In
contrast, in a study of 80 patients who underwent open te-
notomy and decortication and 225 patients who underwent
arthroscopic débridement, Solheim et al30 reported that the
latter provided significantly better improvement according to
QuickDASH scores and a higher percentage of elbows with
excellent outcomes than did the former. However, the dif-
ference in QuickDASH scores between the 2 techniques may
not be clinically relevant because the difference was smaller
than the MCID for QuickDASH scores.30

The Nirschl technique provided significantly better pain
relief during hard work than did arthroscopic débridement in
this study. However, the difference does not seem to be clin-
ically important because the effect size was small and not related
to a significant change in patient-perceived disability. In fact,
this finding was somewhat unexpected, and we think it is prob-
able that some kind of bias, such as selection bias, might have
been unintentionally present in this study, resulting in a type
I error. Another explanation may be differences in residual
tendinosis. The key component of successful surgery for tennis
elbow is to remove the tendinosis completely.11 Removal of
tendinosis is straightforward with the Nirschl technique, and
adding a scratch maneuver allows for more complete removal
of the remnant degenerated tissue.7 In contrast, arthroscopic
removal of the tendinosis at the ECRB origin is more chal-
lenging because visualizing the full extent of the ECRB insertion
at the lateral epicondyle using a 30° arthroscope is limited.
The ECRB origin is located in the extracapsular and far lateral
space, obscured by the radial collateral ligament,2 and the proud
capitellum is in the way. Although 100% of the ECRB origin
was shown to be arthroscopically resected in one cadaveric
study,29 Cummins9 reported that residual tendinopathy was
frequently observed on histologic examination after arthro-
scopic débridement, and patients with residual tendinopathy
showed poorer outcomes in their ratings for worst level of
pain. Thus, residual tendinopathy might have been more fre-
quent in the arthroscopy group, resulting in a higher pain score
during hard work in our study. Recently, use of a 70° arthro-
scope has been shown to provide full visualization of the ECRB
insertion,2 suggesting possible improvement in arthroscopically
addressing tendinosis at the ECRB origin.

Arthroscopy is minimally invasive and thus considered to
provide an earlier return to the premorbid level of activity com-
pared with that for open surgery.2 Time to return to work is
highly variable across studies, ranging from 6 days to 8 weeks
after arthroscopic débridement,3,14,15,21-24 probably because it
can be affected by various socioeconomic factors such as job
type, company size, or industry claim rates.27 One recent pro-
spective study reported that the return to full occupational
activity took 5.5 weeks for office workers and 8.2 weeks for
manual workers.20 Peart et al23 reported that arthroscopic
débridement provided an earlier return to work (1.7 months)

Table III Comparison of postoperative elbow function

Outcomes Nirschl
group

Arthroscopy
group

P value

VAS score
Overall pain 1.1 ± 1.0 1.1 ± 1.8 .08
Pain during
hard work

1.6 ± 1.3 2.2 ± 2.0 .042

Pain at rest 0.7 ± 0.9 0.8 ± 1.6 .604
QuickDASH score 9.4 ± 7 12.6 ± 18.3 .408
PFG strength, kg 18 ± 8 25 ± 13 .115
PFG strength, % 80.7 ± 24 93.9 ± 16 .109
F-E arc, ° 149 ± 3 149 ± 4 .803
Excellent outcome* 22 (84.6%) 22 (75.9%) .510

Data are presented as mean ± standard deviation unless otherwise
indicated.
F-E, flexion-extension; PFG, pain-free grip; QuickDASH, quick Disabili-
ties of the Arm, Shoulder and Hand questionnaire; VAS, visual analog
scale.
* Number of patients with QuickDASH score of less than 20.
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than did open ECRB release (2.5 months). Likewise, we found
a similar trend for a shorter time to return to work in the ar-
throscopy group, but the difference did not reach statistical
significance. On the other hand, Rubenthaler et al24 found no
significant differences in time to return to work between en-
doscopic (3.3 weeks) and open (3 weeks) ECRB tenotomy.
Similarly, Othman21 reported that return to work took 3 weeks
for both the arthroscopy and percutaneous release groups.

A strength of this study is that the data were collected per
routine protocol at each visit and thus detailed data could be
obtained preoperatively and postoperatively regarding the sub-
jective and objective condition of the patients, which enabled
us to avoid the risk of recall bias. Second, we used a vali-
dated instrument for measuring patient-perceived disability,
the QuickDASH. The QuickDASH has been validated in
various upper-extremity conditions.1,17,18,32 Use of a vali-
dated outcome measures make it easier to compare, compile,
and analyze data across studies.

There are several limitations in this study. First, biases
related to the retrospective nature of this study exist. Second,
this study included a small number of patients, which makes
a study vulnerable to both type I and type II errors. However,
the number of patients was higher than the minimum number
of patients required for this study to have at least 80% power
to detect the MCID for QuickDASH scores.

Conclusions

Both the Nirschl and arthroscopic techniques were highly
effective and comparable to each other for treating chronic
recalcitrant LET. Although the Nirschl technique provid-
ed significantly superior pain relief during hard work, the
difference did not seem to be clinically important. Either
of the 2 techniques could be chosen at the surgeon’s dis-
cretion for treating chronic recalcitrant LET.

Disclaimer

This study was supported by the Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education, Science
and Technology (grant 2011-0013773) and a Hallym Uni-
versity Research Fund 2013 grant (HURF-2013-18) given
to Dr. Kwon.

The authors, their immediate families, and any re-
search foundations with which they are affiliated have not
received any financial payments or other benefits from any
commercial entity related to the subject of this article.

References

1. Angst F, Schwyzer HK, Aeschlimann A, Simmen BR, Goldhahn J. Mea-
sures of adult shoulder function: Disabilities of the Arm, Shoulder, and

Hand Questionnaire (DASH) and its short version (QuickDASH), Shoul-
der Pain and Disability Index (SPADI), American Shoulder and Elbow
Surgeons (ASES) Society standardized shoulder assessment form, Con-
stant (Murley) Score (CS), Simple Shoulder Test (SST), Oxford Shoulder
Score (OSS), Shoulder Disability Questionnaire (SDQ), and Western
Ontario Shoulder Instability Index (WOSI). Arthritis Care Res (Hoboken)
2011;63(Suppl 11):S174-88. http://dx.doi.org/10.1002/acr.20630

2. Arrigoni P, Fossati C, Zottarelli L, Brady PC, Cabitza P, Randelli P.
70 degrees frontal visualization of lateral compartment of the elbow
allows extensor carpi radialis brevis tendon release with preservation
of the radial lateral collateral ligament. Arthroscopy 2014;30:29-35.
http://dx.doi.org/10.1016/j.arthro.2013.09.078

3. Baker CL Jr, Murphy KP, Gottlob CA, Curd DT. Arthroscopic
classification and treatment of lateral epicondylitis: two-year clinical
results. J Shoulder Elbow Surg 2000;9:475-82.

4. Benjamin M, Toumi H, Ralphs JR, Bydder G, Best TM, Milz S. Where
tendons and ligaments meet bone: attachment sites (“entheses”) in
relation to exercise and/or mechanical load. J Anat 2006;208:471-90.
http://dx.doi.org/10.1111/j.1469-7580.2006.00540.x

5. Bisset L, Beller E, Jull G, Brooks P, Darnell R, Vicenzino B. Mobilisation
with movement and exercise, corticosteroid injection, or wait and see
for tennis elbow: randomised trial. BMJ 2006;333:939. http://dx.doi.org/
10.1136/bmj.38961.584653.AE

6. Bot SD, van der Waal JM, Terwee CB, van der Windt DA, Bouter LM,
Dekker J. Course and prognosis of elbow complaints: a cohort study
in general practice. Ann Rheum Dis 2005;64:1331-6. http://dx.doi.org/
10.1136/ard.2004.030320

7. Budoff JE, Hicks JM, Ayala G, Kraushaar BS. The reliability of the
“Scratch test”. J Hand Surg Eur Vol 2008;33:166-9. http://dx.doi.org/
10.1177/1753193408087108

8. Cohen MS, Romeo AA, Hennigan SP, Gordon M. Lateral epicondylitis:
anatomic relationships of the extensor tendon origins and implications
for arthroscopic treatment. J Shoulder Elbow Surg 2008;17:954-60.
http://dx.doi.org/10.1016/j.jse.2008.02.021

9. Cummins CA. Lateral epicondylitis: in vivo assessment of arthroscopic
debridement and correlation with patient outcomes. Am J Sports Med
2006;34:1486-91. http://dx.doi.org/10.1177/0363546506288016

10. Dougados M, Ayral X, Listrat V, Gueguen A, Bahuaud J, Beaufils P,
et al. The SFA system for assessing articular cartilage lesions at
arthroscopy of the knee. Arthroscopy 1994;10:69-77.

11. Dunn JH, Kim JJ, Davis L, Nirschl RP. Ten- to 14-year follow-up of
the Nirschl surgical technique for lateral epicondylitis. Am J Sports Med
2008;36:261-6. http://dx.doi.org/10.1177/0363546507308932

12. Gummesson C, Atroshi I, Ekdahl C. The disabilities of the arm,
shoulder and hand (DASH) outcome questionnaire: longitudinal construct
validity and measuring self-rated health change after surgery. BMC
Musculoskelet Disord 2003;4:11. http://dx.doi.org/10.1186/1471
-2474-4-11

13. Karkhanis S, Frost A, Maffulli N. Operative management of tennis elbow:
a quantitative review. Br Med Bull 2008;88:171-88. http://dx.doi.org/
10.1093/bmb/ldn036

14. Kim JW, Chun CH, Shim DM, Kim TK, Kweon SH, Kang HJ, et al.
Arthroscopic treatment of lateral epicondylitis: comparison of the outcome
of ECRB release with and without decortication. Knee Surg Sports
Traumatol Arthrosc 2011;19:1178-83. http://dx.doi.org/10.1007/s00167
-011-1507-z

15. Lattermann C, Romeo AA, Anbari A, Meininger AK, McCarty LP, Cole
BJ, et al. Arthroscopic debridement of the extensor carpi radialis brevis
for recalcitrant lateral epicondylitis. J Shoulder Elbow Surg 2010;19:651-
6. http://dx.doi.org/10.1016/j.jse.2010.02.008

16. Lo MY, Safran MR. Surgical treatment of lateral epicondylitis:
a systematic review. Clin Orthop Relat Res 2007;463:98-106.

17. Longo UG, Franceschi F, Loppini M, Maffulli N, Denaro V. Rating
systems for evaluation of the elbow. Br Med Bull 2008;87:131-61.
http://dx.doi.org/10.1093/bmb/ldn023

18. Mintken PE, Glynn P, Cleland JA. Psychometric properties of the
shortened disabilities of the Arm, Shoulder, and Hand Questionnaire

Nirschl versus arthroscopic release 123

http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0010
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0010
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0010
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0010
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0010
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0010
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0010
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0010
http://dx.doi.org/10.1002/acr.20630
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0015
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0015
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0015
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0015
http://dx.doi.org/10.1016/j.arthro.2013.09.078
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0020
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0020
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0020
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0025
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0025
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0025
http://dx.doi.org/10.1111/j.1469-7580.2006.00540.x
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0030
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0030
http://dx.doi.org/10.1136/bmj.38961.584653.AE
http://dx.doi.org/10.1136/bmj.38961.584653.AE
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0035
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0035
http://dx.doi.org/10.1136/ard.2004.030320
http://dx.doi.org/10.1136/ard.2004.030320
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0040
http://dx.doi.org/10.1177/1753193408087108
http://dx.doi.org/10.1177/1753193408087108
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0045
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0045
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0045
http://dx.doi.org/10.1016/j.jse.2008.02.021
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0050
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0050
http://dx.doi.org/10.1177/0363546506288016
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0055
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0055
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0055
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0060
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0060
http://dx.doi.org/10.1177/0363546507308932
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0065
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0065
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0065
http://dx.doi.org/10.1186/1471-2474-4-11
http://dx.doi.org/10.1186/1471-2474-4-11
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0070
http://dx.doi.org/10.1093/bmb/ldn036
http://dx.doi.org/10.1093/bmb/ldn036
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0075
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0075
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0075
http://dx.doi.org/10.1007/s00167-011-1507-z
http://dx.doi.org/10.1007/s00167-011-1507-z
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0080
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0080
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0080
http://dx.doi.org/10.1016/j.jse.2010.02.008
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0085
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0085
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0090
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0090
http://dx.doi.org/10.1093/bmb/ldn023
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0095
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0095


(QuickDASH) and Numeric Pain Rating Scale in patients with shoulder
pain. J Shoulder Elbow Surg 2009;18:920-6. http://dx.doi.org/10.1016/
j.jse.2008.12.015

19. Nirschl RP, Pettrone FA. Tennis elbow. The surgical treatment of lateral
epicondylitis. J Bone Joint Surg Am 1979;61:832-9.

20. Oki G, Iba K, Sasaki K, Yamashita T, Wada T. Time to functional
recovery after arthroscopic surgery for tennis elbow. J Shoulder Elbow
Surg 2014;23:1527-31. http://dx.doi.org/10.1016/j.jse.2014.05.010

21. Othman AM. Arthroscopic versus percutaneous release of common ex-
tensor origin for treatment of chronic tennis elbow. Arch Orthop Trauma
Surg 2011;131:383-8. http://dx.doi.org/10.1007/s00402-011-1260-2

22. Owens BD, Murphy KP, Kuklo TR. Arthroscopic release for lateral
epicondylitis. Arthroscopy 2001;17:582-7.

23. Peart RE, Strickler SS, Schweitzer KM Jr. Lateral epicondylitis:
a comparative study of open and arthroscopic lateral release. Am J
Orthop 2004;33:565-7.

24. Rubenthaler F, Wiese M, Senge A, Keller L, Wittenberg RH. Long-term
follow-up of open and endoscopic Hohmann procedures for lateral
epicondylitis. Arthroscopy 2005;21:684-90. http://dx.doi.org/10.1016/
j.arthro.2005.03.017

25. Sanders TL Jr, Maradit Kremers H, Bryan AJ, Ransom JE, Smith J,
Morrey BF. The epidemiology and health care burden of tennis
elbow: a population-based study. Am J Sports Med 2015;43:1066-71.
http://dx.doi.org/10.1177/0363546514568087

26. Savoie FH III, VanSice W, O’Brien MJ. Arthroscopic tennis elbow
release. J Shoulder Elbow Surg 2010;19:31-6. http://dx.doi.org/10.1016/
j.jse.2009.12.016

27. Seland K, Cherry N, Beach J. A study of factors influencing return to
work after wrist or ankle fractures. Am J Ind Med 2006;49:197-203.
http://dx.doi.org/10.1002/ajim.20258

28. Smidt N, van der Windt DA, Assendelft WJ, Deville WL,
Korthals-de Bos IB, Bouter LM. Corticosteroid injections, physiotherapy,
or a wait-and-see policy for lateral epicondylitis: a randomised controlled
trial. Lancet 2002;359:657-62. http://dx.doi.org/10.1016/S0140
-6736(02)07811-X

29. Smith AM, Castle JA, Ruch DS. Arthroscopic resection of the common
extensor origin: anatomic considerations. J Shoulder Elbow Surg
2003;12:375-9. http://dx.doi.org/10.1016/S1058-2746(02)86823-9

30. Solheim E, Hegna J, Øyen J. Arthroscopic versus open tennis elbow
release: 3- to 6-year results of a case-control series of 305 elbows.
Arthroscopy 2013;29:854-9. http://dx.doi.org/10.1016/j.arthro.2012
.12.012

31. Szabo SJ, Savoie FH III, Field LD, Ramsey JR, Hosemann CD.
Tendinosis of the extensor carpi radialis brevis: an evaluation of three
methods of operative treatment. J Shoulder Elbow Surg 2006;15:721-7.
http://dx.doi.org/10.1016/j.jse.2006.01.017

32. van Kampen DA, Willems WJ, van Beers LW, Castelein RM, Scholtes
VA, Terwee CB. Determination and comparison of the smallest detectable
change (SDC) and the minimal important change (MIC) of four-shoulder
patient-reported outcome measures (PROMs). J Orthop Surg Res
2013;8:40. http://dx.doi.org/10.1186/1749-799X-8-40

33. Wuori JL, Overend TJ, Kramer JF, MacDermid J. Strength and pain
measures associated with lateral epicondylitis bracing. Arch Phys Med
Rehabil 1998;79:832-7.

124 B.C. Kwon et al.

http://dx.doi.org/10.1016/j.jse.2008.12.015
http://dx.doi.org/10.1016/j.jse.2008.12.015
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0100
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0100
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0105
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0105
http://dx.doi.org/10.1016/j.jse.2014.05.010
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0110
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0110
http://dx.doi.org/10.1007/s00402-011-1260-2
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0115
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0115
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0120
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0120
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0120
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0125
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0125
http://dx.doi.org/10.1016/j.arthro.2005.03.017
http://dx.doi.org/10.1016/j.arthro.2005.03.017
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0130
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0130
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0130
http://dx.doi.org/10.1177/0363546514568087
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0135
http://dx.doi.org/10.1016/j.jse.2009.12.016
http://dx.doi.org/10.1016/j.jse.2009.12.016
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0140
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0140
http://dx.doi.org/10.1002/ajim.20258
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0145
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0145
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0145
http://dx.doi.org/10.1016/S0140-6736(02)07811-X
http://dx.doi.org/10.1016/S0140-6736(02)07811-X
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0150
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0150
http://dx.doi.org/10.1016/S1058-2746(02)86823-9
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0155
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0155
http://dx.doi.org/10.1016/j.arthro.2012.12.012
http://dx.doi.org/10.1016/j.arthro.2012.12.012
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0160
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0160
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0160
http://dx.doi.org/10.1016/j.jse.2006.01.017
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0165
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0165
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0165
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0165
http://dx.doi.org/10.1186/1749-799X-8-40
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0170
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0170
http://refhub.elsevier.com/S1058-2746(16)30443-8/sr0170

	 Methods
	 Operative procedures
	 Postoperative rehabilitation
	 Outcome assessments
	 Statistical analysis

	 Results
	 Discussion
	 Conclusions
	 Disclaimer
	 References

