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Lateral epicondylitis of the elbow 
is an overuse injury involving ec-
centric overload at the origin of the 

common extensor tendon. It may be caused 
by repeated microdamage to the origin of 
the extensor carpi radialis brevis tendon 

(ECRB).1 Pathological deformity develops 
as a result of the excessive use of the ECRB 
and its failure to heal. Lateral epicondyli-
tis of the elbow is degenerative, and unlike 
simply lateral epicondylitis, inflammatory 
cells are not detected histologically.2 Al-

though lateral epicondylitis of the elbow is 
often referred to as tennis elbow, it is more 
common in the general population than in 
athletes and has been shown to occur pref-
erentially in individuals in their 40s.3

The initial treatment for lateral epicon-
dylitis of the elbow involves rest, restric-
tion and change in activity, and perhaps 
a temporary splint for immobilization, 
a brace, or a local injection of steroid.4 
Ninety percent of patients show improve-
ment in response to such treatments.5 
Generally, cases without improvement 
after 3 to 6 months of conservative treat-
ment require surgery. It has been reported 
that approximately 8% of this entire pa-
tient population is indicated for surgery.6
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abstract

Numerous surgical options have been introduced for the treatment of chron-
ic refractory lateral epicondylitis of the elbow, but it remains unclear which 
option is superior. The clinical outcomes of an open surgery group and an ar-
throscopic surgery group were evaluated, and the results of the 2 procedures 
were compared. From among patients with lateral epicondylitis refractory 
to 6 months of conservative treatment, 68 patients satisfying study criteria 
were recruited. Open surgery was performed in 34 cases (group 1), and ar-
throscopic surgery was performed in 34 cases (group 2). Compared with pre-
operatively, the 2 groups had significantly improved values for grip strength, 
range of motion, and Disabilities of the Arm, Shoulder and Hand score at 
12 months postoperatively. Group 1 had significantly greater improvements 
in grip strength and visual analog scale pain score compared with group 2 
(P=.048 vs P=.006). Group 2 had significantly greater (P=.045) improvement 
in pronation compared with group 1. Group 2 returned to work sooner than 
group 1. On the questionnaire regarding satisfaction with surgery 24 months 
postoperatively, 4 patients (12%) in group 2 reported dissatisfaction com-
pared with no patients in group 1. Open surgery and arthroscopic surgery 
both yielded good clinical results. Nonetheless, for patients requiring muscle 
strength or having severe pain at work, open surgery would be more effec-
tive. [Orthopedics. 2018; 41(4):237-247.] 
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Approximately 40 surgical options 
have been introduced for lateral epicon-
dylitis of the elbow, of which the most 
frequently used are open ECRB release3 
and arthroscopic ECRB release.7 Good 
outcomes have previously been reported 
for each of these options. Nevertheless, 
because studies directly comparing the 
techniques are few, it is difficult to select a 
surgical treatment for lateral epicondylitis 
of the elbow in a clinical situation.8

Peart et al,9 Szabo et al,10 and Ruben-
thaler et al11 compared the open release 
procedure with the arthroscopic release 
procedure for the treatment of lateral epi-
condylitis of the elbow and showed that 
satisfactory results have been obtained us-
ing each. However, these were retrospec-
tive studies, so the analysis of preoperative 
factors was insufficient. In addition, ac-
cording to a study by Karkhanis et al8 that 
analyzed 45 studies on lateral epicondylitis 
of the elbow, only 4 were prospective stud-
ies involving random selection with a grade 
I level of evidence. Additionally, in all but 
11 of the studies, clinical outcomes were 
reported as a single standard success rate.

In the current study, an arthroscopic 
surgery group and an open surgery group 
were compared prospectively, their clini-
cal outcomes were compared directly, 
and the association of preoperative fac-
tors with clinical outcomes was analyzed. 
The authors hypothesized that arthroscopic 
surgery may have a better outcome. They 
sought to clarify the indications for each of 
these surgeries.

Materials and Methods
Study Subjects

At the authors’ hospital from January 
2011 to December 2015, patients were 
diagnosed with lateral epicondylitis of the 
elbow on the basis of physical examination 
revealing tenderness over the common ex-
tensor origin just anterior and distal to the 
lateral humeral epicondyle and representa-
tive positive results of the middle finger test 
and the Thomsen test.12 Patients who did 
not show improvement in their symptoms 

despite conservative treatment includ-
ing nonsteroidal anti-inflammatory drugs, 
corticosteroid injections, and exercise and 
elbow brace for more than 6 months were 
recruited for this study. The authors defined 
refractory cases as severe pain unmitigated 
by more than 6 months of conservative 
therapy.13 Patients with a history of arthritis 
of the elbow, a history of trauma, deformity 
of the elbow joint, or a history of surgery in 
the elbow joint area as well as those treated 
with nonsteroidal anti-inflammatory drugs 
immediately prior to the study were ex-
cluded. The authors excluded patients who 
took nonsteroidal anti-inflammatory drugs 
at least once within 2 weeks of the study, 
as topical or oral nonsteroidal anti-inflam-
matory drugs may provide short-term pain 
relief.14 Steroid injection may also influ-
ence the effectiveness of surgery. However, 
at the authors’ hospital, follow-up observa-
tion occurs at least 4 to 6 weeks after ste-
roid injection, so none of the study subjects 
had received a steroid injection within 4 
weeks prior to surgery. In addition, steroid 
injection for 6 months before surgery was 
performed at least once and at most 5 times 
for each individual in the open surgery 
group and at least once and at most 6 times 
for each individual in the arthroscopic sur-
gery group. Of the 112 patients diagnosed 
with lateral epicondylitis of the elbow, 76 
satisfied the above criteria.

This study received approval from 
the Ethics Committee of Wonju College 
of Medicine, Yonsei University. Written 
consent for study participation and surgi-
cal treatment was obtained from 68 of the 
76 patients. A random digit table was used 
to assign 34 patients to the open surgery 
group and 34 patients to the arthroscopic 
surgery group, and the surgical treatments 
were performed. Preoperative factors 
such as age, sex, affected side, disease 
duration, profession, preoperative sports 
activity, and frequency of local steroid 
injection were evaluated. Grip strength 
was measured prior to surgery and 3, 12, 
and 24 months after surgery and was com-
pared between the healthy and affected 

sides. The visual analog scale (VAS) pain 
score at rest, during daily activity, and 
when working, range of motion of the el-
bow joint, and the Disabilities of the Arm, 
Shoulder and Hand (DASH)  (basic ques-
tionnaire and work module) score were 
recorded prior to surgery and 3, 12, and 
24 months after surgery.

In group 1 (open surgery), mean pa-
tient age was 48±8.1 years. Sixteen pa-
tients (47%) were male, and 18 patients 
(53%) were female. The dominant side 
was affected in 26 cases (76%), and the 
nondominant side was affected in 8 cas-
es (24%). Mean disease duration was 
25.4±6.1 months. Regarding profession, 
14 patients (41%) performed heavy man-
ual labor (according to US Department 
of Labor guidelines15), 8 patients (24%) 
were homemakers, 6 patients (18%) per-
formed clerical work, 4 patients (12%) 
were teachers, and 2 patients (6%) were 
drivers. Regarding level of preoperative 
sports activity, 8 patients (24%) engaged 
in no sports activity, 18 patients (53%) 
engaged in recreational activities, and 8 
patients (24%) played soccer, baseball, 
or another activity in which body contact 
was abundant or exercise was extreme. 
A mean of 3.2±1.5 steroid injections had 
been administered.

In group 2 (arthroscopic surgery), 
mean patient age was 49±7.8 years. 
Twelve patients (35%) were male, and 22 
patients (65%) were female. The dominant 
side was affected in 24 cases (71%), and 
the nondominant side was affected in 10 
cases (29%). Mean disease duration was 
26.1±6.8 months. Regarding profession, 
12 patients (35%) were homemakers, 10 
patients (29%) performed heavy manual 
labor, 6 patients (18%) performed cleri-
cal work, 2 patients (6%) were teachers, 
1 patient (3%) was a retired bowler, and 3 
patients (9%) had no profession. Regard-
ing level of preoperative sports activity, 12 
patients (35%) engaged in no sports activ-
ity, 16 patients (47%) participated in rec-
reational exercise, and 6 patients (18%) 
played soccer, baseball, or another activ-
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ity in which body contact was abundant or 
exercise was extreme. A mean of 3.1±1.7 
steroid injections had been administered.

Regarding the preoperative factors 
evaluated, none showed a significant dif-
ference between the 2 groups (Table 1). 

Surgical Techniques
Both procedures were performed by a 

single surgeon (D.S.K.).
Open Surgery. Open surgery was per-

formed according to the conventional 
method defined by Nirschl and Pettrone.3 
Under general anesthesia, all patients were 
placed in the supine position. Tourniquets 
were applied and compressed at 250 mm 
Hg. Based on the origin of the common ex-
tensor, an approximately 4-cm incision was 
made on the skin, the extensor carpi radia-
lis longus and the common extensor tendon 
were exposed, and the fascia of both ten-
dons was incised and then retracted. After 
the origin of the ECRB was exposed, the 
lesion was removed. If ruptured tendons 
were detected, then debridement was per-
formed, and the joint capsule around the le-
sion was also debrided (Figure 1). Decor-
tication or multiple drilling was performed 
on the lateral epicondyle. After removal of 
the lesion was ensured, the ECRB was ap-
proximated together with the common ex-
tensor tendon (Figure 2). After irrigation, 
the fascia of the extensor carpi radialis lon-
gus and the common extensor tendon was 
sutured. After skin suture, a long arm splint 
was applied.

Arthroscopic Surgery. Under gen-
eral anesthesia, all patients were placed 
in the prone position with 90° abduction 
of the shoulder joint and 90° flexion of 
the elbow joint. A tourniquet was applied 
and compressed at 250 mm Hg. The sur-
geon marked the lateral and medial epi-
condyles, the olecranon, the head of the 
radius, and the capitellum. The traveling 
direction of the ulnar nerve was marked. 
With an 18-gauge needle and via a lateral 
approach, approximately 30 mL of nor-
mal saline was injected into the elbow 
joint to expand the joint capsule. With a 

No. 11 scalpel, a proximal medial portal 
was established at 2 cm proximal and 2 
cm anterior to the medial epicondyle. 
After skin incision, small forceps were 
used to separate subcutaneous tissues, a 
cannula was inserted into the joint, and 
a 3.5-mm 30° arthroscope was inserted. 
A needle was inserted into the lateral 
portal, and an arthroscope was inserted 
through the proximal medial portal; af-
ter the proximal lateral portal location 
was confirmed, a skin incision was made. 
Subcutaneous tissues were separated with 
small forceps, and a cannula was inserted 

through the needle insertion site so that 
the lateral portal to be used as a working 
portal was prepared.

An arthroscope was inserted into the 
proximal medial portal to examine the 
lateral joint capsule and the undersur-
face of the ECRB and was then advanced 
along the radial head to directly assess the 
ECRB and the origin of the lateral epi-
condyle (Figure 3). A shaver was inserted 
into the lateral portal, the joint capsule 
located in the undersurface of the ECRB 
was removed, and debridement of the 
ECRB to the origin of the lateral epicon-

Table 1

Comparison of Patient Characteristicsa

Characteristic Group 1b Group 2c P

Sex, No. .493d

  Male 16 (47%) 12 (35%)

  Female 18 (53%) 22 (65%)

Age, mean±SD, y 48±8.1 49±7.8 .514e

Affected side, No. .533d

  Dominant 26 (76%) 24 (71%)

  Nondominant 8 (24%) 10 (29%)

Duration of disease, mean±SD, 
mo

25.4±6.1 26.1±6.8 .622e

Local steroid injection, 
mean±SD, No.

3.2±1.5 3.1±1.7 .454e

Profession, No. .745d

  Manual laborer 14 (41%) 10 (29%)

  Homemaker 8 (24%) 12 (35%)

  Clerk 6 (18%) 6 (18%)

  Teacher 4 (12%) 2 (6%)

  Athlete 0 1 (3%)

  Driver 2 (6%) 0

  None 0 3 (9%)

Preoperative sports activity, No. .834e

  None 8 (24%) 12 (35%)

  Recreational activity 18 (53%) 16 (47%)

  Contact sports 8 (24%) 6 (18%)
aPercentages may not total 100% due to rounding. 
bOpen surgery.  
cArthroscopic surgery. 
dChi-square test. 
eIndependent sample t test.
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dyle was performed. Afterward, with an 
arthroscopic burr, decortication was per-
formed on the lateral epicondyle and the 
ridge of the lateral epicondyle at the origin 
of the ECRB (Figure 4). A simple suture 
was used for all portals, and a long arm 
splint was applied.

Postoperative Rehabilitation
The 2 groups participated in the same 

postoperative rehabilitation regimen. From 
2 to 4 days postoperatively, splinting was 
applied. Hand and phalanx joint exercises 
were performed. Patients with reduced 
pain postoperatively were allowed to per-
form active exercises of the elbow joint 
1 week after surgery. Isometric exercises 
were started 2 weeks postoperatively. At 3 
weeks postoperatively, returning to activi-

ties of daily living was recommended. At 
approximately 6 weeks postoperatively, 
returning to work and preoperative sports 
activity was recommended. If patients 
wanted to return to their level of preop-
erative sports activity and work because 
pain was reduced and symptoms were im-
proved, they were allowed.

Postoperative Evaluation
All 68 patients had 12- and 24-month  

follow-up. At 3 months postoperatively, 
when all patients had returned to their 
preoperative profession and sports activ-
ity,14 and at 12 and 24 months postop-
eratively, the following items were mea-
sured.

The VAS score was used to establish 
the level of pain experienced by the pa-

tients. Pain was measured when patients 
were at rest, engaged in daily activities, 
and at work. The VAS score could range 
from 0 points (no pain) to 10 points (the 
most severe pain imaginable).

Grip strength was measured with an 
electronic hand dynamometer (KS-301; 
Lavisen, Namyangju-si, Gyeonggi-do, 
Republic of Korea), and the grip strength 
of the affected side was compared with 
that of the healthy side.16 If pain was felt 
during the measurement of grip strength, 
remeasurement occurred until there was 
no pain, with 2 measurements being re-
corded and their average calculated. The 
grip strength of the healthy side was also 
measured twice and the average calcu-
lated.

Flexion, pronation, and supination 
were measured to determine the range of 
joint movement and the maximal angle 
that the joint could actively move. Be-
cause for all patients the range of joint 
movement of the affected side was con-
firmed to be normal, comparison with the 
healthy side was not performed.

All patients were asked 4 questions 
from the work module of DASH. The 
maximum score was 100 points.

The time of return to work and preop-
erative sports activities was assessed at 
the observation performed 3 months post-
operatively. The time of return to work 
was defined as the time the patient started 
work identical to that before surgery. The 
time of return to sports activities was de-
fined as the time the patient started sports 
activities identical to those before surgery.

At 24 months postoperatively, patients 
were asked for their subjective opinion 
about the procedure. Their opinion was 
classified as very unsatisfactory, unsatis-
factory, satisfactory, or very satisfactory.

Statistical Analysis
All statistical analyses were performed 

using PASW statistics version 18.0 (SPSS 
Inc, Chicago, Illinois). The differences in 
the mean preoperative and 3-, 12-, and 
24-month postoperative values were ana-

Figure 1: Intraoperative photograph showing re-
traction of the common extensor origin. All patho-
logic tissue was excised on the extensor carpi ra-
dialis brevis tendon and its origin.

Figure 2: Intraoperative photograph showing the 
sutured common extensor origin with extensor 
carpi radialis brevis.

Figure 3: Arthroscopic image showing Baker type 
2 lesion on the extensor carpi radialis brevis tendon 
(arrow). Abbreviations: C, capitellum; R, radius. 

Figure 4: Arthroscopic image showing the exten-
sor carpi radialis brevis tendon (arrow) with de-
bridement and abraded lateral epicondyle. Abbre-
viations: C, capitellum; R, radius.
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lyzed by the Student’s t test. The analysis 
of covariance was performed on the values 
from 3 months postoperatively obtained 
by considering preoperative values as co-
variates, the values from 12 months post-
operatively obtained by considering the 
values from 3 months postoperatively as 
covariates, and the values from 24 months 
postoperatively obtained by considering 
the values from 12 months postoperative-
ly as covariates. The clinical outcomes of 
the 2 groups 3, 12, and 24 months post-
operatively were compared. With the use 
of repeated measures analysis of variance, 
the repeated values of prior to surgery, 3 
months postoperatively, 12 months post-
operatively, and 24 months postoperative-
ly of the 2 groups were compared.

The chi-square test was used to analyze 
preoperative dichotomous and nominal 
variables. For the analysis of continuous 
variables, the 2 groups were compared 
using the Student’s t test. For the analysis 
of the correlation of clinical outcomes to 
preoperative variables, a Pearson correla-
tion analysis was used for continuous vari-
ables and the Student’s t test was used for 
nominal variables. For variables showing a 
significant level of correlation on univari-
ate analysis, the significance was validated 
by multivariate regression analysis. Clini-
cal outcomes according to technique were 
also revalidated by multivariate regression 
analysis performed after controlling for 
other variables. The significance level of 
each analysis was defined as P<.05.

results
Preoperative VAS pain score, grip 

strength, range of the motion of the elbow 
joint, and DASH score (general question-
naire and work module) were not found 
to be significantly different (P>.05) be-
tween the 2 groups. For clinical outcomes 
assessed 3 months postoperatively com-
pared with preoperatively, significant im-
provement was observed in all categories 
except range of pronation of the elbow 
joint in group 1. In group 2, significant 
improvement was observed in all catego-

ries. Regarding the results obtained 12 
months postoperatively compared with 
the results obtained 3 months postop-
eratively, significant improvement was 
shown in all values except the VAS pain 
score at rest and during daily activity in 
group 1. In group 2, significant improve-
ment was observed in all categories except 
the VAS pain score during daily activity 
and at work. On comparison of clinical 
outcomes measured preoperatively with 
clinical outcomes measured 12 months 
postoperatively, all values showed signifi-
cant improvement in both groups. Thus, 
the 2 surgeries were confirmed as tech-
niques that could improve clinical out-
comes. For the results obtained 24 months 
postoperatively compared with the results 
obtained 12 months postoperatively, im-
provement was shown in all values in 
group 1 and in group 2. On comparison 
of clinical outcomes measured preopera-
tively with clinical outcomes measured 24 
months postoperatively, all values showed 
significant improvement in both groups. 
Thus, the 2 surgeries were confirmed as 
techniques that could improve clinical 
outcomes (Tables 2-3).

The improvement in clinical outcomes 
at 3 months postoperatively compared 
with preoperatively, at 12 months post-
operatively compared with 3 months 
postoperatively, and at 24 months post-
operatively compared with 12 months 
postoperatively was not significantly dif-
ferent between the 2 groups in all cat-
egories (Table 4). On repeated measures 
analysis of variance, the values measured 
preoperatively, 3 months postoperatively, 
12 months postoperatively, and 24 months 
postoperatively were not significantly dif-
ferent between the 2 groups (Table 4).

On univariate analysis of the correla-
tion of preoperative factors to the im-
provement in clinical outcomes, age and 
the work module of the DASH score were 
found to have a significant negative cor-
relation. Disease duration and the level of 
improvement in the work module of the 
DASH score had a significant positive 

correlation. The correlation of profession 
and clinical outcomes was analyzed by 
dividing the patients into groups of either 
heavy manual labor or other. Among the 
heavy manual labor patients, the gen-
eral DASH score significantly correlated 
negatively to the VAS score. The higher 
the preoperative sports activity, the sig-
nificantly higher the improvement in the 
range in pronation movement of the joint. 
Surgical techniques did not correlate to 
the level of the improvement in clinical 
outcomes in all categories (Table 5).

For variables shown to be significant 
on univariate analysis, the significance 
was revalidated by multivariate analysis 
after controlling for the effect of other 
variables. Age negatively correlated to the 
improvement in the work module of the 
DASH score, and disease duration had a 
significant positive correlation with the 
improvement in the work module of the 
DASH score. On the multivariate regres-
sion analysis of surgical techniques and 
the level of improvement in all categories 
of clinical results from the preoperative 
evaluation to 24 months postoperatively, 
the improvements in grip strength and 
VAS score at work were significantly 
greater in group 1 than in group 2, and the 
level of improvement in the range in pro-
nation of the elbow joint was significantly 
greater in group 2 than in group 1 (Table 
6).

The median time of return to work for 
group 1 was after 5 weeks (range, 3-7 
weeks). The median time of return to work 
for group 2 was after 3 weeks (range, 1-6 
weeks) (P<.001). The median time return-
ing to preoperative sports activities for 
group 1 was after 7 weeks (range, 3-10 
weeks); for group 2, it was after 5 weeks 
(range, 3-7 weeks) (P=.031).

Patients’ level of satisfaction was as-
sessed 24 months postoperatively. For 
group 1, 6 patients (18%) were very satis-
fied and 28 patients (82%) were satisfied. 
For group 2, 8 patients (24%) were very 
satisfied, 22 patients (65%) were satis-
fied, and 4 patients (12%) were unsatis-

241



Copyright © SLACK inCorporAted

n  Feature Article

fied. Three of 4 patients who responded as 
unsatisfied had occupational injuries; the 
possibility that they were instead unsat-
isfied with workers’ compensation could 
not be ruled out. A significant difference 
between the 2 groups was not detected 
(P=.91). However, the VAS score mea-
sured 12 months postoperatively was 
worse than the VAS score measured 3 
months postoperatively for the 4 patients 
who responded as unsatisfied. All 4 of 
these patients had jobs requiring repeated 
exercise and greater muscle strength than 
the jobs of the other patients. One of them 
played baseball and 1 of them played bas-
ketball as preoperative sports activities.

Among the entire 34 patients of group 
2, 12 patients (35%) had synovitis in the 
elbow joint and thus debridement was 
performed. In 2 cases, osteoarthritis was 
observed in the capitulum of the humerus. 
In 1 case, intra-articular loose bodies were 
observed and removed. According to the 
classification of Baker et al,17 14 patients 
had stage 1 lesions, 14 patients had stage 
2 lesions, and 6 patients had stage 3 le-
sions. This classification of lesions was 
not significantly associated with clinical 
outcomes (P>.05).

Similarly, in group 1, intra-articular 
loose bodies were detected by preopera-
tive plain radiography performed on the 
elbow joint in 1 case. After resection of 
the articular sac, the loose bodies were 
removed.

In group 1, 1 patient had a superficial 
infection of the surgical wound. Because 
of this infection, a delayed suture was per-
formed.

None of the patients developed pos-
terolateral instability of the elbow joint. 
In group 2, none of the patients developed 
complications.

discussion
In 1999, Kraushaar and Nirschl18 re-

ported that the major pathophysiology of 
lateral epicondylitis of the elbow joint is 
the incomplete regeneration process due 
to micro-injury of the attachment area of 
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the ECRB and the degenerative change 
of the origin of tendons. Since then, all 
treatments for lateral epicondylitis of the 
elbow joint have focused on removal of 
the lesions and the acceleration of heal-
ing.

The conventional open surgery method 
introduced by Nirschl and Pettrone3 in 
1979 has been used most widely. This sur-
gery removes the lesion in the ECRB and 
facilitates the recovery of the local blood 
flow of the lateral epicondyle by the resec-
tion and drilling of the cortical bone of the 
lateral epicondyle. Isikan et al19 reported 
that by performing open surgery accord-
ing to the method of Nirschl and Pettrone, 
a 91% success rate was obtained. Other 
studies have also reported success rates of 
85% to 100% .2,20

In the current study, similarly good 
clinical outcomes were obtained using 
the method of Nirschl and Pettrone, and 
continuous improvement in clinical re-
sults was observed during follow-up at 
3, 12, and 24 months postoperatively. 
Regarding satisfaction with surgery, all 
patients similarly had a higher than sat-
isfactory rating.

Despite such good outcomes, some 
shortcomings of the open surgery technique 
have been reported. Morrey21 reported that 
lateral instability may develop as a result of 
the weakening of the lateral ligament com-
plex after surgery. In addition, there is the 
possibility that a neuroma caused by the 
open wound may form.22 It has also been 
reported that if an assessment of intra-ar-
ticular lesions is necessary, even in the ab-
sence of a rupture of the ECRB, the ECRB 
will need to be resected.22 In the current 
study, the lateral instability of the elbow 
joint and the formation of neuroma were 
not observed. Nonetheless, for the removal 
of intra-articular loose bodies detected by 
plain radiography, additional resection of 
the ECRB was performed in 1 case.

Since Owens et al7 introduced ar-
throscopic surgery for lateral epicon-
dylitis of the elbow in 1995, diverse re-
sults, although mostly good, have been 
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reported.23,24 Savoie et al24 reported that 
one of the advantages of arthroscopic 
surgery is that intra-articular lesions can 
be removed together with lesions in the 
ECRB. Further, compared with open sur-
gery, arthroscopic surgery has esthetic 
advantages, avoids the complications that 
may develop from open surgery, and has 
a shorter period to return to activities of 
daily living, work, and sports.

The authors also observed such ad-
vantages in the current study. In the ar-
throscopic surgery group, intra-articular 
lesions such as synovitis of the elbow joint 
were detected in 12 patients and a loose 
body in the elbow joint was detected in 1 
patient, which was treated during surgery. 
None of these patients developed compli-
cations. The time to return to work was 
significantly shorter in the arthroscopic 
surgery group compared with the open 
surgery group (P<.05). The time to return 
to preoperative sports activity was also 
significantly shorter in the arthroscopic 

surgery group compared with the open 
surgery group (P<.05).

This study confirmed that good results 
could be obtained in each of the groups 
undergoing the procedures. Szabo et al10 
reported that when open surgery, percu-
taneous surgery, and arthroscopic surgery 
for lateral epicondylitis of the elbow were 
compared, all were effective and signifi-
cant differences were not observed. In 
addition, Peart et al9 reported that the 
clinical results of open surgery and ar-
throscopic surgery were not significantly 
different. Similarly, in the current study, 
the improvement in clinical outcomes was 
not significantly different between the 2 
groups (Table 4).

When an analysis of the correlation of 
preoperative factors to clinical results was 
performed, the authors observed that as age 
increased, improvement on the work mod-
ule of the DASH score decreased (Table 
5). It could be that in these older patients, 
the degenerative changes in the ECRB 

were more severe and thus their recovery 
of function was delayed. Nonetheless, 
it was observed that in cases with a long 
disease duration, the improvement in the 
DASH score was greater; thus, it appears 
that long-term follow-up is necessary.

On the multivariate regression analysis 
of the improvement in the clinical results 
of the 2 groups controlling for various pre-
operative factors, it was observed that the 
improvement in grip strength was signifi-
cantly greater in the open surgery group 
compared with the arthroscopic surgery 
group (Table 6). Although arthroscopic 
surgery can protect muscles by avoiding 
injury to the fascia of the common exten-
sor and its origin,25 the ECRB cannot be 
sutured after debridement. Hence, muscle 
strength may be lessened in comparison 
with open surgery, in which the ECRB 
can be sutured. It appears that the quick 
return of the arthroscopic surgery group 
to daily activity and work may not allow 
the time required for the normal healing of 
the ECRB; thus, this group shows less im-
provement in grip strength than the open 
surgery group. To overcome that weak-
ness of arthroscopic surgery, arthroscopic 
suture techniques for the ECRB have 
recently been introduced. In a study of 
arthroscopic surgeries, Savoie et al24 in-
troduced a method to suture the ECRB 
remaining after the release together with 
the extensor carpi radialis longus by the 
application of simple needle-retriever 
techniques or anchors through portals. 
However, such an arthroscopic suture has 
the disadvantage of being performed only 
by surgeons skilled in elbow joint arthros-
copy. In addition, such an arthroscopic 
suture needs to be investigated further to 
determine whether it will be as effective 
as that performed during open surgery.

The improvement in the VAS pain 
score at work was much greater in the 
open surgery group than in the arthroscop-
ic surgery group, but this difference was 
not statistically significant. The VAS pain 
score at work 24 months postoperatively 
was an average of 0.9 for the open surgery 

Table 4

Comparison of Improvement in Outcomes Between the 2 
Groups  at 3 and 24 Months Postoperative

P

Parameter
3 Months 

Postoperativea
24 Months 

Postoperativeb Pc

Grip strengthd .124 .563 .059

Range of motion

  Flexion–extension .701 .403 .841

  Supination .443 .304 .153

  Pronation .326 .377 .866

DASH score (general) .135 .393 .664

DASH score (work module) .601 .293 .283

Visual analog scale pain score

  Rest .091 .399 .322

  Daily activity .643 .919 .881

  Work .144 .058 .238

Abbreviation: DASH, Disabilities of the Arm, Shoulder and Hand. 
aAnalysis of covariance (considering preoperative values as covariates).  
bAnalysis of covariance (values 3 months after surgery as covariates). 
cRepeated measures analysis of variance. 
dCompared with the normal side. 
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group vs 1.0 for the ar-
throscopic surgery group, 
which was significantly 
different. In particular, in 4 
patients of the arthroscopic 
surgery group, the VAS 
pain score at follow-up 
12 months postoperatively 
was poorer than that at 3 
months postoperatively. 
These 4 patients had jobs 
requiring heavy manual 
labor, and 2 of them par-
ticipated in sports activi-
ties with abundant body 
contact. These patients 
recovered quickly after 
arthroscopic surgery, and 
each returned to work after 
3 to 4 weeks without great 
discomfort. However, they 
did report pain at work and 
insufficient muscle force. 
This was reflected in their 
satisfaction level at 24 
months postoperatively, 
when they reported unsat-
isfactory surgical results 
because of pain during 
work and the weakening of 
muscle strength.

Regarding recovery of 
range of motion, the range 
in pronation of the joint 
showed greater improve-
ment in the arthroscopic 
surgery group, which may 
be due to the quicker recov-
ery afforded by this surgery. 
The range of pronation at 
24 months postoperatively 
was an average of 84.9° in 
the open surgery group vs 
85.2° in the arthroscopic 
surgery group. Significant 
differences between the 2 
groups were not found.

On the basis of the 
current study’s findings, 
among patients requiring 
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surgery for chronic refractory lateral epi-
condylitis and for whom the recovery of 
muscle strength is important or who ex-
perience severe pain while working, suf-
ficient recovery of muscle strength may 
be obtained by suturing the extensor carpi 
radialis brevis. Therefore, open surgery 
may be a good choice.

This study had several limitations. 
The sample was small. Although the au-
thors chose the number according to a 
standard effect size of 2.03 that was de-
termined in a study by Janssen and De 
Smet26 examining the responsiveness of 
the DASH score for surgical treatments 
for lateral epicondylitis of the elbow 
joint, the absolute number of patients 
was low. Additionally, the follow-up pe-
riod was brief. Thus, all differences in 
the clinical results of the 2 procedures 
may not have been detected. Addition-
ally, histological examination was not 
performed simultaneously, so confound-
ing variables for clinical results accord-
ing to the progression of lesions were not 
controlled.

conclusion
Both arthroscopic surgery and open sur-

gery had good clinical results for the treat-
ment of chronic refractory lateral epicon-
dylitis of the elbow joint. Nonetheless, for 
patients in whom the recovery of muscle 
strength is important or who experience 
severe pain while working prior to surgery, 
it is important to sufficiently explain the 
advantages and disadvantages of the 2 pro-
cedures and to point out that open surgery 
may lead to improved clinical outcomes.

references
 1. Boyd HB, McLeod AC Jr. Tennis elbow. J 

Bone Joint Surg Am. 1973; 55(6):1183-1187.

 2. Leach RE, Miller JK. Lateral and medial 
epicondylitis of the elbow. Clin Sports Med. 
1987; 6(2):259-272.

 3. Nirschl RP, Pettrone FA. Tennis elbow: the 
surgical treatment of lateral epicondylitis. J 
Bone Joint Surg Am. 1979; 61(6):832-839.

 4. Price R, Sinclair H, Heinrich I, Gibson T. Lo-
cal injection treatment of tennis elbow: hy-
drocortisone, triamcinolone and lignocaine 
compared. Br J Rheumatol. 1991; 30(1):39-
44.

 5. Coonrad RW, Hooper WR. Tennis elbow: 

its course, natural history, conservative and 
surgical management. J Bone Joint Surg Am. 
1973; 55(6):1177-1182.

 6. Posch JN, Goldberg VM, Larrey R. Extensor 
fasciotomy for tennis elbow: a long-term fol-
low-up study. Clin Orthop Relat Res. 1978; 
135:179-182.

 7. Owens BD, Murphy KP, Kuklo TR. Ar-
throscopic release for lateral epicondylitis. 
Arthroscopy. 2001; 17(6):582-587.

 8. Karkhanis S, Frost A, Maffulli N. Operative 
management of tennis elbow: a quantitative 
review. Br Med Bull. 2008; 88(1):171-188.

 9. Peart RE, Strickler SS, Schweitzer KM Jr. 
Lateral epicondylitis: a comparative study of 
open and arthroscopic lateral release. Am J 
Orthop (Belle Mead NJ). 2004; 33(11):565-
567.

 10. Szabo SJ, Savoie FH III, Field LD, Ramsey 
JR, Hosemann CD. Tendinosis of the ex-
tensor carpi radialis brevis: an evaluation 
of three methods of operative treatment. J 
Shoulder Elbow Surg. 2006; 15(6):721-727.

 11. 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(6):684-690.

 12. Iwamoto W, Okuno Y, Matsumura N, Kaneko 
T, Ikegami H. Transcatheter arterial emboli-
zation of abnormal vessels as a treatment for 
lateral epicondylitis refractory to conserva-
tive treatment: a pilot study with a 2-year 

Table 6

Multivariate Analysis by Linear Regression of Variables Significantly Associated With Outcomes—
Improvement at 12 Months Postoperative

Age
Duration of 

Disease Profession
Preoperative 

Sports Activity
Surgical 

Technique

Parameter r P r P r P r P r P

Grip strength -0.291 .048a

Range of motion

  Flexion–extension -0.115 .285

  Supination 0.374 .137 <0.001 .802

  Pronation 0.291 .045a

DASH score (general) 0.161 .837 0.175 .421

DASH score (work module) -0.400 .004a 0.360 .013a -0.133 .443

Visual analog scale pain score

  Rest 0.152 .480

  Daily activity -0.020 .611

  Work -0.394 .006a

Abbreviation: DASH, Disabilities of the Arm, Shoulder and Hand. 
aStatistically significant.

246



JULY/AUGUST 2018 | Volume 41 • Number 4

n  Feature Article

follow-up. J Shoulder Elbow Surg. 2017; 
26(8):1335-1341.

 13. Faro F, Wolf JM. Lateral epicondylitis: re-
view and current concepts. J Hand Surg Am. 
2007; 32(8):1271-1279.

 14. Assendelft W, Green S, Buchbinder R, 
Struijs P, Smidt N. Tennis elbow. BMJ. 2003; 
327(7410):329.

 15. Miller AR, Treiman DJ, Cain PS, Roos PA, 
eds. Work, Jobs, and Occupations: A Criti-
cal Review of the Dictionary of Occupational 
Titles. Washington, DC: National Academy 
Press; 1980.

 16. Kumar VS, Shetty AA, Ravikumar KJ, 
Fordyce MJ. Tennis elbow—outcome fol-
lowing the Garden procedure. A retrospec-
tive study. J Orthop Surg (Hong Kong). 2004; 
12(2):226-229.

 17. Baker CL Jr, Murphy KP, Gottlob CA, Curd 

DT. Arthroscopic classification and treat-
ment of lateral epicondylitis: two-year clini-
cal results. J Shoulder Elbow Surg. 2000; 
9(6):475-482.

 18. Kraushaar BS, Nirschl RP. Tendinosis of the 
elbow (tennis elbow): clinical features and 
findings of histological, immunohistochemi-
cal, and electron microscopy studies. J Bone 
Joint Surg Am. 1999; 81(2):259-278.

 19. Isikan UE, Sarban S, Kocabey Y. The results 
of open surgical treatment in patients with 
chronic refractory lateral epicondylitis [in 
Turkish]. Acta Orthop Traumatol Turc. 2005; 
39(2):128-132.

 20. Gardner RC. Tennis elbow: diagnosis, pa-
thology and treatment. Nine severe cases 
treated by a new reconstructive operation. 
Clin Orthop Relat Res. 1970; 72:248-253.

 21. Morrey BF. Acute and chronic instability of 
the elbow. J Am Acad Orthop Surg. 1996; 

4(3):117-128.

 22. Dellon AL, Kim J, Ducic I. Painful neuroma 
of the posterior cutaneous nerve of the forearm 
after surgery for lateral humeral epicondylitis. 
J Hand Surg Am. 2004; 29(3):387-390.

 23. Mullett H, Sprague M, Brown G, Hausman 
M. Arthroscopic treatment of lateral epicon-
dylitis: clinical and cadaveric studies. Clin 
Orthop Relat Res. 2005; 439:123-128.

 24. Savoie FH III, VanSice W, O’Brien MJ. Ar-
throscopic tennis elbow release. J Shoulder 
Elbow Surg. 2010; 19(2)(suppl):31-36.

 25. Sarris IK, Papadimitriou NG, Sotereanos 
DG. Radial tunnel syndrome. Tech Hand Up 
Extrem Surg. 2002; 6(4):209-212.

 26. Janssen S, De Smet L. Responsiveness 
of the DASH questionnaire for surgically 
treated tennis elbow. Acta Chir Belg. 2008; 
108(5):583-585.

To see more Blue Ribbon Articles online, 

visit www.Healio.com/Ortho/BlueRibbon.

247



Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.


