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Tourniquet Use Does Not Affect Rehabilitation, Return to
Activities, and Muscle Damage After Arthroscopic

Meniscectomy: A Prospective Randomized Clinical Study

Alexander Tsarouhas, M.D., Michael E. Hantes, M.D., Georgios Tsougias, M.D.,
Zoe Dailiana, M.D., and Konstantinos N. Malizos, M.D.

Purpose: The purpose of this prospective randomized trial was to examine the effect of tourniquet
use on rehabilitation rate, return to work and sport activities, and muscle damage after arthroscopic
meniscectomy. Methods: Eighty patients who underwent arthroscopic partial meniscectomy were
randomly allocated to the use of an inflated (group A, n � 40) or deflated (group B, n � 40)
pneumatic tourniquet. Patients with concomitant ligamentous deficiency or grade III and IV chondral
lesions were excluded. The primary outcome measures were pain, measured with a visual analog
scale (VAS), and knee range of motion (ROM) on days 8 and 15 postoperatively; time required for
patients to discontinue the use of crutches; time to return to light activities and moderate sporting
activities such as jogging; and serum creatine phosphokinase (CPK) levels monitored preoperatively
and on days 1, 8, and 15 postoperatively. Results: The 2 groups did not differ in terms of age;
male-female ratio; body mass index; and preoperative International Knee Documentation Committee,
Tegner, and Lysholm scores. Operative time was not significantly different between groups (mean,
27.5 for group A and 31.2 for group B; P � .83). VAS pain scores and knee ROM were not
significant between groups (minimum P � .22). The patients progressed to weight-bearing without
crutches within 13.4 and 12.9 days for groups A and B, respectively (P � .9). Return to work and
jogging did not differ significantly between groups (minimum P � .34). Serum CPK values were also
not significantly different between or within groups during consecutive measurements (P � .3).
Tourniquet time did not significantly affect postoperative ROM, VAS pain scores, or serum CPK
levels (minimum P � .14). Conclusions: Tourniquet use for less than 30 minutes during arthroscopic
meniscectomy does not affect postoperative pain or return to light work and jogging. In addition,
tourniquet-induced muscle damage after arthroscopic meniscectomy, though potentially present
locally, is not detectable in the systemic circulation. Level of Evidence: Level I, prospective
randomized trial.
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Arthroscopic meniscectomy is a minimally inva-
sive, low-morbidity surgery that has been popu-

larized because of improved instrumentation and tech-
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niques, as well as widespread arthroscopic training.
Pneumatic tourniquets are routinely used in ar-
throscopic knee surgery to improve surgical field vis-
ibility and consequently reduce operative time and
achieve a more accurate diagnosis and optimal treat-
ment. In a recent survey among members of the Ar-
throscopy Association of North America, approxi-
mately 50% of the respondents favored the routine use
of tourniquets during simple arthroscopic procedures.1

Over the past decades, tourniquet technology has
mproved considerably to ensure safety, efficacy, and
eliability in the use of tourniquets.2 However, nu-
merous complications have been associated with
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2 A. TSAROUHAS ET AL.
tourniquet use, including nerve palsy, venous
thromboembolism, arterial embolization, skin ul-
ceration, swelling, and joint stiffness.3,4 In addition,
electrophysiologic and histologic studies have as-
sociated tourniquets with decreased quadriceps
muscle endurance and functional weakness, histo-
logic changes, increased serum creatine phosphoki-
nase (CPK) levels, and electromyographic changes
that may persist for up to 6 months.5-7

Although, to date, several studies have focused on
he benefits of tourniquets in intraoperative visibility
uring extremity surgery,8,9 their effect on rehabilita-
ion after knee arthroscopy remains only partially elu-
idated. A recent meta-analysis of 9 studies identified
umerous methodologic limitations in the existing
iterature that impaired an exact appraisal of the rela-
ive advantages and drawbacks of tourniquet-assisted
rthroscopic knee surgery.10 In particular, the current

evidence base has seldom assessed the impact of tour-
niquet use on return to work and sporting activities.9

Moreover, limited studies have focused on the use of
tourniquets in simple arthroscopic procedures such as
partial meniscectomy, which involve a shorter surgi-
cal time and reduced risk of intraoperative bleeding
compared with more complex procedures, such as
anterior cruciate ligament reconstruction or synovec-
tomy.

The purpose of this prospective randomized trial
was, therefore, to examine the effect of tourniquet use
on rehabilitation rate, return to activities, and muscle
damage after arthroscopic meniscectomy. On the basis
of the alleged association of tourniquet use with mus-
cle ischemia and weakness, our primary hypothesis
was that the use of a pneumatic tourniquet would
result in delayed rehabilitation and return to activities,
as well as increased serum CPK values.

METHODS

Patient Selection and Randomization

For a prospective randomized comparison, consec-
utive patients who were assigned to undergo ar-
throscopic meniscectomy during a recruitment period
of 14 months (January 2010 through March 2011)
were randomly allocated to the use of an inflated
(group A) or deflated (group B) pneumatic tourniquet.
Randomization was performed with a computer ran-
dom sequence generator by an independent re-
searcher. Exclusion criteria were age older than 40
years and younger than 16 years, chronic meniscal

tears and tears amenable to repair, concomitant liga- d
mentous deficiency, chondral defects requiring a car-
tilage restoration procedure, and other lower limb
vascular or neuro-musculoskeletal pathology. Patients
unwilling to complete functional score questionnaires
and those with Workers’ Compensation insurance
claims were also excluded. All the participants signed
an informed consent form approved by the institu-
tional review board to participate in the study. Base-
line patient characteristics are depicted in Table 1.

Preoperative International Knee Documentation
ommittee, Lysholm, and Tegner scores were ob-

ained. The primary outcome measures were pain,
easured with a visual analog scale (VAS), with a

ain score ranging from 0 to 10, and knee range of
otion (ROM) on days 8 and 15 postoperatively; time

equired for the patients to discontinue the use of
rutches; time to return to light activities (housework,
ard work) and moderate sporting activities such as
ogging; and serum CPK levels monitored preopera-
ively and on days 1, 8, and 15 postoperatively.

urgical Technique

All the procedures were performed with patients
nder combined femoral and sciatic nerve block. In-
ravenous or local anesthetics were not administered.
he patients were positioned supine on the operative

able. A cylindrical tourniquet cuff of standard width
18 cm) was placed at the mid thigh of all patients.

hen used, the tourniquet was inflated at 320 mm Hg
fter exsanguination of the limb by elevating it for 3
inutes. A pressure pump was used, and the knee was

nflated with 0.9% saline solution at 70 mm Hg of
ressure that was maintained during the entire proce-

TABLE 1. Baseline Patient Characteristics

Tourniquet
(n � 40)

No
Tourniquet
(n � 40)

Age (mean � SD) (yr) 34.8 � 8.3 31.7 � 8.9
Gender (men/women) 26/5 24/7
Body mass index (mean � SD)

(kg/m2) 24.3 � 2.1 25.6 � 2.0
Right/left knee 18/13 20/11
Dominant/nondominant limb 17/14 18/13
International Knee

Documentation Committee
score (mean � SD) 44.6 � 12.2 48.8 � 16.1

Lysholm score (mean � SD) 60.2 � 14.5 68.7 � 15.3
Tegner activity score

(mean � SD) 5.36 � 1.4 4.7 � 1.68
ure. All the patients underwent standard 2-portal
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3TOURNIQUET USE AND ARTHROSCOPIC MENISCECTOMYAQ: 1
knee arthroscopy by the senior surgeon, who was
blinded to surgical time. Partial meniscectomy was
performed without the use of intra-articular cautery.
First- and second-degree chondral lesions were de-
brided. Drains were not routinely used.

Postoperative instructions were standardized and
provided to each patient in writing. The patients were
advised to progress to full weight bearing without
crutches whenever they considered themselves ready.
Pain inhibitors and physical therapy were not rou-
tinely prescribed. The patients were followed on an
outpatient basis on days 8, 15, 30, and 60 postopera-
tively, and the treating surgeon, blinded to their tour-
niquet status, recorded the postoperative outcome
measures. At the 15-day follow-up evaluation, the
patients were advised to return to work and athletic
activity whenever they considered themselves ready.

Statistical Analysis

An a priori power analysis was performed. For a
repeated-measures analysis, including between-subjects
and within-subject interactions, between 2 independent
groups with a minimum effect size of 0.20 and at least 2
consecutive measurements, a total sample size of 80 was
calculated to have greater than 80% power to address the
test hypothesis. An independent t test was used to exam-
ne group differences in baseline patient characteristics,
reoperative functional scores, and time to return to
ctivities. Repeated-measures analysis of variance was
sed to identify between-groups and within-group dif-
erences in consecutive measurements of VAS scores,
OM, and serum CPK values. Pair-wise comparisons
ere computed to further explore the interaction. A post
oc power analysis was also performed, and observed
ower for all primary outcome comparisons was com-
uted. The significance level was set at P � .05.

RESULTS

The disposition of the study participants is shown in
ig 1. A total of 102 patients were enrolled in the
tudy. Overall, 18 patients were excluded and another

were lost to follow-up. Consequently, the 2 study
roups consisted of 40 patients each. The 2 groups did
ot differ significantly in terms of age; male-female
atio; body mass index; side affected; limb domi-
ance; and preoperative International Knee Documen-
ation Committee, Tegner, and Lysholm scores (min-
mum P � .15).

Intraoperative findings regarding meniscal and car-

ilage pathology are depicted in Table 2. No compli-
ations were met either intraoperatively or postoper-
tively. No group B cases required the tourniquet to be
nflated during arthroscopy. Partial medial meniscec-
omy was the most common procedure performed.
ucket-handle and posterior horn tears were the most
ommon. First- and second-degree chondral lesions
ere found in 19 group A and 18 group B patients.
he medial femoral condyle and trochlea were the
ost commonly affected. The operative time did not

iffer significantly between groups (27.5 � 12.5 min-
tes for group A and 31.2 � 12.1 minutes for group B,
� .83).
Mean values and standard deviations of all primary

utcome measures are depicted in Table 3. VAS
cores were not significantly different between the 2
roups on days 8 and 15 postoperatively (P � .22 and

P � .43, respectively; observed power � � .81). As
xpected, a decrease in VAS scores was noted in both
roups from the first to the second postoperative
eek, although it was not significant (P � .073). On

he 15th postoperative day, 27 group A and 24 group
patients reported having no knee-related pain. Knee

OM was also not significantly different between the
groups on days 8 and 15 (P � .91 and P � .96,

espectively; � � .85). A substantial increase in knee
OM was evident on day 15 in both groups.
The patients in groups A and B progressed to full
eight bearing without crutches after 13.4 days and
2.9 days, respectively (P � .9, � � .36). Similarly,

time to return to light work and sports did not differ
significantly between groups (P � .34 [� � .46] and

� .23 [� � .64], respectively). Light jogging was
the first athletic activity most patients undertook.
Eight group A and 9 group B patients chose not to
assume any athletic activity for the first postoperative
months without reporting any problem or symptom
that would restrict them from doing so and were
consequently excluded from reporting only this out-
come. Preoperative baseline characteristics and the
remaining outcome measures did not differ signifi-
cantly between these patients and the residual study
population (minimum P � .12).

Preoperative and postoperative serum CPK values
ere also not significantly different between or within
roups during consecutive measurements (P � .3,

� � .82) (Table 3). Mean values did not exceed the
upper normal serum levels at any of the measuring
time points. A steady decline in CPK values was
evident postoperatively. Lower values were found in
group A compared with group B patients on days 8
and 15 postoperatively, but without reaching the level

of statistical significance (P � .093 and P � .079,
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4 A. TSAROUHAS ET AL.
respectively). Finally, tourniquet time did not corre-
late with postoperative ROM, VAS scores, or CPK
levels (minimum P � .14).

DISCUSSION

This study examined the effect of pneumatic tour-
iquet use during arthroscopic partial meniscectomy
sing a pressure pump on rehabilitation rate, return to
ctivity, and muscle damage. There was no significant
ifference in VAS scores and knee ROM in the acute

Assessed for eli
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ourniquet groups. Similarly, the time needed for the
atients to discontinue the use of crutches and return
o light work and jogging was not significantly differ-
nt between groups. Preoperative and postoperative
erum CPK values were also not significantly different
etween or within groups.
The findings of this study showed that the use of a

ourniquet did not result in delayed rehabilitation or
eturn to work and sporting activities. In general,
rthroscopic knee surgery is associated with a rapid
ecovery and quick return to activities. In a recent
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5TOURNIQUET USE AND ARTHROSCOPIC MENISCECTOMY
patients who underwent knee arthroscopy had no
knee-related activity restriction by 1 month postoper-
atively. However, the impact of tourniquet use on
rehabilitation and return to activities after knee ar-
throscopy currently remains controversial. Concerns
have recently been raised regarding a potential detri-
mental effect on rehabilitation when tourniquets are
applied. Tourniquet-induced neuropathy and local
muscle damage due to compression and ischemia are
considered to play a pivotal role in impaired rehabil-
itation.12,13 However, the current evidence base on
arthroscopic knee procedures, though limited, has not
supported this notion. Kirkley et al.9 found no signif-
cant difference in time to return to work or sports
etween tourniquet and non-tourniquet groups. Inter-
stingly, using isokinetic dynamometry, Thorblad et
l.6 found a decrease in postoperative quadriceps

torque in their non-tourniquet group. They attributed
this finding to increased pump flow and pressure that

TABLE 2. Intraoperative Findings During Knee Arthros-
copy Regarding Meniscal and Cartilage Pathology

Tourniquet
(n � 40)

No Tourniquet
(n � 40)

Medial/lateral meniscus 35/5 34/6
Type of meniscal pathology

Bucket-handle tear 20 19
Posterior horn tear 14 13
Other 6 8

Chondral lesions
None 17 19
First degree 14 12
Second degree 9 9

TABLE 3. Prima

VAS
Eighth day postoperatively
15th day postoperatively

ROM (°)
Eighth day postoperatively
15th day postoperatively

Full weight bearing without crutches (d)
Return to light work (d)
Return to jogging (d)
Serum CPK levels (U/L)

Preoperatively
First day postoperatively
Eighth day postoperatively
15th day postoperatively
NOTE. Data are presented as mean � SD (range).
caused extravasation of fluid and consequently in-
creased postoperative pain and stiffness.

The biochemical basis of tourniquet-induced mus-
cle damage during arthroscopic knee procedures has
been examined previously. In a biochemical study that
did not include a control group, Refaai et al.14 found
significant increases in ischemia-modified albumin
and myoglobin concentrations after tourniquet release,
which they considered indicative of detectable myo-
cyte necrosis. Koca et al.15 showed an increase in
iochemical markers of oxidative stress due to tour-
iquet-induced ischemia-reperfusion injury in routine
rthroscopic knee surgery. Evidence of a tourniquet-
nduced systemic inflammatory response with tran-
ient neutrophil and monocyte activation has also been
eported.16 Serum CPK levels have scarcely been ex-

amined in this setting.6 Serum CPK levels rise with
increasing muscle tissue damage resulting from either
metabolic or mechanical causes. They depend on age,
gender, race, muscle mass, physical activity, and climatic
conditions.17 An approximate 2-fold increase above
baseline levels is considered to occur within 8 hours after
the induction of muscle damage. In our study serum
CPK levels were not significantly different between or
within groups during consecutive measurements. Our
findings therefore indicate that despite the potential for
local muscle tissue injury, the use of tourniquets during
arthroscopic meniscectomy does not result in the eleva-
tion of systemic markers of muscular damage.

Tourniquet time, along with tissue type, has been
acknowledged as a major contributor to tourniquet-
induced muscle damage and postoperative pain.
Tourniquet-related complications increase as tour-

tcome Measures

iquet (n � 40) No Tourniquet (n � 40)

1.9 (0-6) 1.25 � 1.4 (0-5)
0.6 (0-2) 0.6 � 1.26 (0-2)

17.8 (98-130) 105 � 26.5 (95-132)
7.5 (130-148) 139.3 � 11.4 (124-147)
3.35 (8-18) 13.2 � 4.7 (8-21)
5.3 (16-31) 24.6 � 6.1 (15-36)
6.2 (24-48) 37.8 � 7.3 (26-51)

29.2 (59-203) 171.2 � 72.1 (52-290)
49.6 (41-211) 129.6 � 45.2 (79-215)
24.3 (51-139) 163.5 � 55.8 (69-211)
12.5 (46-89) 134.7 � 28.9 (63-165)
ry Ou

Tourn

2.07 �
0.7 �

107.5 �
142 �
13.4 �
23.2 �
35.7 �

143.8 �
100.9 �

79 �
61.3 �
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6 A. TSAROUHAS ET AL.
niquet time increases.18 Local and distal mecha-
isms, including muscle and nerve injury due to
irect pressure, ischemia, and reperfusion, have
een found to increase pain when tourniquets are
sed in extremity surgery. However, most experi-
ental and clinical studies have correlated tourni-

uet-related complications with considerably in-
reased ischemia time.19 Kirkley et al.9 suggested
he presence of a time factor during knee arthros-
opy for tourniquet-related pain, which was less in
he deflated-tourniquet group for procedures lasting
onger than 30 minutes. Findings of this study did
ot identify any difference in postoperative pain
ith tourniquet use. In addition, no correlation was

vident between postoperative pain and tourniquet
ime. Because the operative time did not exceed 30
inutes on average in any of the study groups, our
ndings support the notion that, with tourniquet

ime less than 30 minutes, the time-dependent effect
f tourniquets on pain and muscular injury is prob-
bly diminished.
Intraoperative visibility was not a primary out-

ome measure of this study. However, indirect signs
f visual field disturbance were that surgical time
as not significantly different between the 2 groups

nd that no case in group B required the tourniquet
o be inflated intraoperatively because of reduced
isibility. Our findings therefore indirectly support
he outcomes of a recent meta-analysis that found
o significant difference between tourniquet and
on-tourniquet procedures in operative visual field
isturbance.10 Interestingly, such a difference was

established during anterior cruciate ligament recon-
struction procedures.10 Many of the studies, how-
ever, have used the need to inflate the tourniquet as
an endpoint. In general, performing knee arthros-
copy without a tourniquet has been associated with
portal bleeding. In addition, numerous technical tips
have been described, such as increasing the flow of
infusion fluid, using intermittent suction on the
arthroscope cannula, and establishing a separate
drainage portal, to improve visibility before ulti-
mately inflating the tourniquet. Given that tourni-
quet use during arthroscopic meniscectomy does
not result in delayed rehabilitation and return to
activities, we advocate its routine use, particularly
during the learning curve, to simplify the procedure
and potentially improve diagnosis and outcomes.

Recent research has added valuable knowledge on
the characteristics of different tourniquet cuffs.2 Stud-
ies have shown that basing cuff pressure on systolic

blood pressure alone does not result in optimum cuff
pressure.20 The minimum pressure required to stop the
lood flow distal to the cuff has also been correlated
ith tourniquet cuff design and application method,

imb circumference and shape, and tissue characteris-
ics at the cuff site. Cuff pressures considerably lower
han those routinely used in extremity surgery have
een shown to maintain an acceptable bloodless
eld.20 However, in this study, tourniquet pressure

was kept at 320 mm Hg and cuffs of standard width
and configuration were applied to better represent
what is in common practice for knee arthroscopy
today. In addition, a typical infusion pump was used
instead of a gravity flow system to standardize fluid
pressure and flow and consequently minimize bias.

Our study has certain limitations. First, muscular
strength evaluation was not included in our study design.
Although this would evidently be useful, it was consid-
ered that an isokinetic evaluation during the first postop-
erative weeks would have been biased by pain or patient
guarding and therefore would not produce reliable re-
sults. Moreover, it would possibly affect the serum CPK
values measured, which was an important part of our
study design. Second, portal bleeding and increased ve-
nous filling provide a strong clue as to whether the
tourniquet has been inflated. Therefore the performing
surgeon could not realistically be blinded during surgery,
in contrast to follow-up evaluations. Finally, despite ran-
domization, our results may have been biased by the
probability of self-administering pain inhibitors postop-
eratively and by individual variations in physical therapy
intensity.

CONCLUSIONS

Our study showed that tourniquet use for less than
30 minutes during arthroscopic meniscectomy per-
formed by a surgeon with expertise does not affect
postoperative pain or return to light work and jogging.
In addition, tourniquet-induced muscle damage after
arthroscopic meniscectomy, though potentially pres-
ent locally, is not detectable in the systemic circula-
tion.

REFERENCES

1. Redfern J, Burks R. Survey results: Surgeon practice patterns
regarding arthroscopic surgery. Arthroscopy 2009;2009:1447-
1452.

2. Noordin S, McEwen JA, Kragh JF Jr, Eisen A, Masri BA.
Surgical tourniquets in orthopaedics. J Bone Joint Surg Am

2009;91:2958-2967.



1

1

1

1

1

1

1

1

1

1

2

7TOURNIQUET USE AND ARTHROSCOPIC MENISCECTOMY
3. Kornbluth ID, Freedman MK, Sher L, Frederick RW. Femoral,
saphenous nerve palsy after tourniquet use: A case report. Arch
Phys Med Rehabil 2003;84:909-911.

4. Parmet JL, Horrow JC, Pharo G, Collins L, Berman AT,
Rosenberg H. The incidence of venous emboli during ex-
tramedullary guided total knee arthroplasty. Anesth Analg
1995;81:757-762.

5. Appell HJ, Glöser S, Duarte JA, Zellner A, Soares JM. Skel-
etal muscle damage during tourniquet-induced ischaemia. The
initial step towards atrophy after orthopaedic surgery? Eur
J Appl Physiol Occup Physiol 1993;67:342-347.

6. Thorblad J, Ekstrand J, Hamberg P, Gillquist J. Muscle reha-
bilitation after arthroscopic meniscectomy with or without
tourniquet control. A preliminary randomized study. Am J
Sports Med 1985;13:133-135.

7. Pääkkönen M, Alhava EM, Hänninen O. Effect of tourniquet
ischaemia on muscle energy metabolism in meniscectomy
patients. Br J Sports Med 1981;15:167-171.

8. Hoogeslag RA, Brouwer RW, van Raay JJ. The value of
tourniquet use for visibility during arthroscopy of the knee: A
double-blind, randomized controlled trial. Arthroscopy 2010;
26:S67-S72.

9. Kirkley A, Rampersaud R, Griffin S, Amendola A, Litchfield
R, Fowler P. Tourniquet versus no tourniquet use in routine
knee arthroscopy: A prospective, double-blind, randomized
clinical trial. Arthroscopy 2000;16:121-126.

0. Smith TO, Hing CB. A meta-analysis of tourniquet assisted
arthroscopic knee surgery. Knee 2009;16:317-321.

1. Lubowitz JH, Ayala M, Appleby D. Return to activity after

knee arthroscopy. Arthroscopy 2008;24:58-61.e4.
2. Mohler LR, Pedowitz RA, Myers RR, Ohara WM, Lopez MA,
Gershuni DH. Intermittent reperfusion fails to prevent posttour-
niquet neurapraxia. J Hand Surg Am 1999;24:687-693.

3. Saunders KC, Louis DL, Weingarden SI, Waylonis GW. Ef-
fect of tourniquet time on postoperative quadriceps function.
Clin Orthop Relat Res 1979:194-199.

4. Refaai MA, Wright RW, Parvin CA, Gronowski AM, Scott
MG, Eby CS. Ischemia-modified albumin increases after skel-
etal muscle ischemia during arthroscopic knee surgery. Clin
Chim Acta 2006;366:264-268.

5. Koca K, Yurttas Y, Cayci T, et al. The role of preconditioning
and N-acetylcysteine on oxidative stress resulting from tour-
niquet-induced ischemia-reperfusion in arthroscopic knee sur-
gery. J Trauma 2011;70:717-723.

6. Wakai A, Wang JH, Winter DC, Street JT, O’Sullivan RG,
Redmond HP. Tourniquet-induced systemic inflammatory re-
sponse in extremity surgery. J Trauma 2001;51:922-926.

7. Brancaccio P, Maffulli N, Limongelli FM. Creatine kinase
monitoring in sport medicine. Br Med Bull 2007;81-82:209-
230.

8. Fish JS, McKee NH, Pynn BR, Kuzon WM Jr, Plyley MJ.
Isometric contractile function recovery following tourniquet
ischemia. J Surg Res 1989;47:365-370.

9. Pedowitz RA, Nordborg C, Rosenqvist AL, Rydevik BL.
Nerve function and structure beneath and distal to a pneumatic
tourniquet applied to rabbit hindlimbs. Scand J Plast Reconstr
Surg Hand Surg 1991;25:109-120.

0. Younger AS, McEwen JA, Inkpen K. Wide contoured thigh
cuffs and automated limb occlusion measurement allow lower

tourniquet pressures. Clin Orthop Relat Res 2004:286-293.


	Tourniquet Use Does Not Affect Rehabilitation, Return to Activities, and Muscle Damage After Art ...
	Methods
	Patient Selection and Randomization
	Surgical Technique
	Statistical Analysis

	Results
	Discussion
	Conclusions
	References


