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Introduction: This study aimed to determine the effect of using an intra-articular drain after anterior
cruciate ligament (ACL) reconstruction on early postoperative pain, range of motion (ROM), muscle
strength, and complications.
Materials and methods: Between 2017 and 2020, of the 200 consecutive patients who underwent
anatomical single-bundle ACL reconstruction, 128 patients underwent primary ACL reconstruction with
hamstring tendons and were evaluated for postoperative pain and muscle strength at 3 months post-
operatively. Sixty-eight patients who received intra-articular drain before April 2019 were classified as
group D and 60 patients without an intra-articular drain after ACL reconstruction after May 2019 were
classified as group N. Patient background, operative time, postoperative pain, number of additional
analgesics used, presence of intra-articular hematoma, ROM at 2, 4, and 12 weeks postoperatively,
extensor and flexor muscle strength at 12 weeks postoperatively, and perioperative complications were
compared between the two groups.
Results: The postoperative pain at 4 h after surgery was significantly greater in group D than in group N
although no significant difference was found in the pain felt in the immediate postoperative period and
at 1 day and 2 days postoperatively and in the number of additional analgesics used. No significant
difference in the postoperative ROM and muscle strength was noted between the two groups. Six pa-
tients with intra-articular hematomas in group D and four patients in group N needed puncture by 2
weeks postoperatively, and no significant difference was found between the two groups.
Conclusion: Postoperative pain was greater at 4 h postoperatively in group D. Furthermore, the intra-
articular drain did not affect muscle strength, ROM, and complications on the early postoperative
period. The usefulness of intra-articular drain after ACL reconstruction was considered low.
Level of Evidence: Level IV.
© 2023 Asia Pacific Knee, Arthroscopy and Sports Medicine Society. Published by Elsevier (Singapore) Pte
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
Introduction

Drain placement after orthopedic surgery to prevent hematoma
and decrease pain and swelling has been the standard practice for
many years. In addition, drains are expected to hasten the return of
motion, shorten the hospital day, speed up rehabilitation, and
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decrease the risk of infection.1,2 However, in recent years, some
studies have suggested that drain placement in joint arthroplasty
included in revision case or trauma surgery does not affect post-
operative clinical outcomes and hospital stay.3e6 In anterior cru-
ciate ligament (ACL) reconstruction, only two randomized
prospective clinical trials have followed up with patients over 8
weeks about the necessity of intra-articular drain placement. In
2003, Straw et al.7 reported that intra-articular drain placement
after ACL reconstruction with boneetendonebone (BTB) graft for
pain did not affect knee range of motion (ROM) and muscle
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strength at 4 weeks after surgery, although less swelling and better
ROM were observed in the drain group at 2 weeks after surgery.
Moreover, McCormack et al.8 reported that intra-articular drain
placement after ACL reconstruction using BTB and hamstring graft
did not affect postoperative pain and knee ROM on the early
postoperative period. They concluded that their results do not
support the use of intra-articular drain after ACL reconstruction.
Furthermore, in the evaluation of the long-term effect of a drain
replacement, no significant difference was found in the clinical
outcomes at 6 months, including ROM and pain, due to drain
placement after ACL reconstruction.9 However, few studies have
investigated the influence of utilizing intra-articular closed drain
after ACL reconstruction using hamstring tendon on the early
postoperative period, that is, from a few hours to 3 months. Hence,
it does not provide a clear reason for surgeons to stop placing intra-
articular drains. Drains are still used for ACL reconstruction inmany
institutions. However, the use of an intra-articular closed drain is
still controversial; thus, more evidence is needed.

This study aimed to determine the influence of using an intra-
articular closed drain after ACL reconstruction on the early post-
operative pain, ROM, muscle strength, and complications. The hy-
pothesis was that the use of an intra-articular drain after ACL
reconstruction did not affect early postoperative clinical outcomes.

Materials and methods

This prospective, nonrandomized trial compared the use and
non-use of an intra-articular drain after arthroscopic ACL recon-
struction. This study was approved by the medical ethics review
committee of our institute (Approval no. 1842e3). Written
informed consent was obtained from all patients included in this
study.

Study population

Between February 2017 and October 2021, of the 200 consecu-
tive patients who underwent anatomical single-bundle ACL
reconstruction at our institution, 128 underwent primary ACL
reconstruction with hamstring tendons from the ipsilateral knee
and were evaluated for postoperative pain andmuscle strength at 3
months postoperatively. The exclusion criteria were as follows: ACL
reinjury or contralateral ACL injury, use of patella tendon or
quadriceps tendon as a graft, need for postoperative fixation for
more than 2 weeks, and unavailable data on postoperative pain and
muscle strength.

Sixty-eight patients with drain placement before April 2019
were classified as group D and 60 patients without drain placement
after May 2019 were classified as group N. Patient's background,
operative time, postoperative visual analog scale (VAS) score
(immediately after surgery, 4 h, day 1, and day 2), number of
additional analgesics used, intra-articular hematoma that needed
puncture by 2 weeks postoperatively, knee joint ROM at 2, 4, and 12
weeks postoperatively, extension and flexion muscle strength at 12
weeks postoperatively, and perioperative complications were
compared between the two groups.

Surgical techniques for ACL reconstruction, postoperative pain
control, and rehabilitation

An experienced orthopedic surgeon who had >15 years of
experience in ACL reconstruction performed all the operations at
our institution. General anesthesia was used, and ultrasound-
guided femoral nerve block using 20 mL of 0.75% ropivacaine was
administered in all patients. A tourniquet was inflated from the
initiation of the operation until its completion. All 128 patients
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underwent anatomical, single-bundle ACL reconstruction using
four-folds of semitendinosus tendon with or without two-folds of
the gracilis tendon. For tibial side grafts with diameters <8.0 mm or
femoral side graft size with <6 � 9 mm, the gracilis tendon was
use.10 First, an initial diagnostic arthroscopic examination was
performed, with the management of the meniscus and articular
cartilage as necessary. If patients had any meniscus tears, all
meniscus tears were repaired by an all-inside or inside-out tech-
nique. After minimal synovectomy necessary to secure the surgical
view, a rounded rectangular tunnel was created at the anatomical
insertion of the ACL femoral footprint from the anteromedial por-
tal.11 The femoral tunnel ranged from 6 � 10 mm or 6 � 11 mm
depending on the graft diameter. Subsequently, a round tibial
tunnel was created at the anteromedial position in the anatomical
tibial insertion of the ACL. The tibial tunnel ranged from 8.0 to
9.5 mm, with increments of 0.5 mm, depending on the graft
diameter. The graft was inserted via the tibial tunnel, and it was
looped over a TightRope (Arthrex, Naples, FL, USA) for femoral
fixation. The other end of the graft was fixed using a Tensionloc
(Arthrex, Naples, FL, USA), and the initial graft tension was set to
20e30 N at 0� of knee flexion. In group D, a closed drain with a
diameter of 3.5 mm was placed in the joint and aspirated at full
pressure immediately after surgery. The drain was removed the
next morning after surgery regardless of the amount of bleeding.

Postoperative pain control consisted of regular morning and
evening oral administration of non-steroidal anti-inflammatory
drugs (NSAIDs) for 1 week in all patients, and additional analgesics,
such as acetaminophen suppositories or NSAIDs, were used ac-
cording to the patient's level of pain and requirements. The patients
wore a knee brace for 1 week postoperatively to promote the initial
healing of the graft and alleviate pain. Knee ROM and full weight-
bearing were permitted 1 week after ACL reconstruction, accord-
ing to the degree of knee pain. Running was permitted after 3e4
months, depending on muscle strength recovery. In this patient
series, the postoperative therapy plan was common with and
without meniscus injury.

The knee ROM at 2, 4, and 12 weeks postoperatively were
measured by goniometer (ANIMA, Tokyo, Japan). In knee extension,
the full extension was set at 0�, and hyperextension and limitation
of the extension were set as plus and minus, respectively. Muscle
strength measurements at 12 weeks postoperatively were per-
formed using an isokinetic dynamometer (BIODEX System 4; Bio-
dex Medical Systems, Inc., NY, USA), and both knee extensor and
flexor muscle strengths were measured at angular velocities of 60�/
s and 180�/s, respectively. A 5-min exercise using an ergometer was
included as a warm-up before the muscle strength measurement.
Patients performed three flexioneextension exercises per set, and
three sets were performed. The first two sets were practice sets,
and the third set was the production test. The measurement ranged
from 0� to 100� for the knee joint, and the lower leg was gravity-
corrected. The knee flexor and extensor strengths were calculated
by averaging the production tests over the three reported tests. The
methods used to compare muscle strength were peak torque, limb
symmetry index (LSI), and body weight (BW) ratio. We calculated
LSI as follows: LSI¼ (at 3 months after ACL reconstruction, involved
limb muscle strength/uninvolved limb muscle strength) � 100. BW
ratio was defined as follows: BW¼ (involved limbmuscle strength/
body weight).12

Statistical analyses

Data were analyzed using the IBM SPSS Statistics for Windows,
version 27.0 (IBM Corp., NY, USA). The assessment items were
analyzed between the two groups using the chi-squared test for the
presence of meniscus tear and hematoma that puncture and the



Table 1
Patients’ demographic data and operative time. No significant difference was found between the two groups.

Patients’ demographic data and operative time Group D (n ¼ 68) Group N (n ¼ 60) P Value

Age (years) 24.2 ± 12.6 22.6 ± 10.8 0.97
Sex (women: men) 32: 36 29: 39 0.72
BMI (kg/m2) 22.7 ± 3.1 23.0 ± 3.5 0.77
Medial meniscus tear (cases, %) 22 (32%) 25 (41%) 0.27
Lateral meniscus tear (cases, %) 35 (51%) 26 (43%) 0.29
Operative time 108.0 ± 22.3 104.8 ± 24.3 0.43

BMI: body mass index.
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ManneWhitney U test for other assessment items. The level of
significance was set at a ¼ 0.05. An a priori power analysis for the
sample sizewas performed: for an effect size of 0.6, a power of 0.95,
and an a level of 0.05, 120 individuals were required.
Results

No significant difference was found in the demographic data
(i.e., age, sex, body mass index, and presence of meniscus tear) and
operative time between the two groups (Table 1). In postoperative
pain evaluation, the VAS score at 4 h after surgery was significantly
larger in group D than in group N (P ¼ 0.033), although no signif-
icant difference was found in the VAS score immediately and at day
1 and day 2 after surgery. The number of additional analgesics used
was also not significantly different between the two groups
(Table 2). Regarding the postoperative ROM, no significant differ-
ence was noted between the two groups at 2, 4, and 12 weeks after
surgery, although the range of knee extension and flexion at 4
weeks tended to be smaller in group D (Table 3). Similarly, for
extensor and flexor muscle strength, no significant difference in the
peak torque, LSI, and BW ratio was found between the two groups
at 12 weeks after surgery (Table 4). Although no significant differ-
ence was noted between the two groups, six patients in group D
and four patients in group N with intra-articular hematomas
needed puncture by 2 weeks postoperatively. One postoperative
case of deep vein thrombosis was observed in group N, but no
additional treatment was required, and no other perioperative
complications such as infection were observed. The average
drainage volume in group D was 72.5 ± 25.3 mL.
Discussion

Themost important finding of this study was that intra-articular
drain placement after ACL reconstruction did not affect post-
operative pain, knee ROM, muscle strength 3 months after surgery,
and complications. Additionally, the level of pain 4 h after surgery
was lower in group N than in group D. These results revealed that
-articular drain placement after ACL reconstruction has fewer
benefits.

The primary aim of using intra-articular drain after knee joint
surgery is to decrease postoperative hematoma, and its effective-
ness has been reported to reduce complications such as infection.2
Table 2
The results of postoperative pain and the number of additional analgesics between two the
group N (P ¼ 0.033).

The results of postoperative pain and the number of additional analgesics between tw

VAS score at immediately
VAS score at 4 h
VAS score at 1 day
VAS score at 2 days
The number of additional analgesics

VAS: visual analog scale, * Significant difference.
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Similarly, a randomized clinical trial about using intra-articular
drain after ACL reconstruction did not find a difference in the
early postoperative clinical outcomes, but an average of 152 mL of
fluid was drained in the drainage group, which suppressed hema-
toma formation in the first postoperative week.8 However, in this
study, patients with hematomas had patellar ballottement and
required puncture by the second postoperative week, and no sig-
nificant difference was found between the two groups. This may be
attributed to the low drainage volume in group D, averaging 72 mL
because we used radiofrequency devices during synovectomy to
secure the surgical field. In other words, it is important to use
radiofrequency devices during synovectomy to reduce post-
operative blood loss even if a tourniquet was used.

Regarding postoperative pain in the early postoperative period,
there is no consensus in previous randomized trials.13,14 In this
study, the pain level at 4 h after surgery was higher in group D than
in group N. The results supported many previous studies with the
same conclusions.8,15 The result was considered affected by the
intra-articular drain itself. That is, improper placement of the intra-
articular drain or placement for an inappropriate length will
dislodge the drain in the suprapatellar pouch, resulting in trapping
symptoms and pain due to suction irritation to the synovial tissue
caused by minor knee movement that pinches the patellofemoral
joint. Thus, it is important to ensure that the appropriate length of
the drain is placed in the suprapatellar pouch even if the surgeon
uses the intra-articular drain.

As in previous reports of ACL reconstruction and total knee
arthroplasty,3,8 in the present study, the ROM and muscle strength
at 12weeks postoperatively showed a good clinical coursewith and
without intra-articular drain. This may be because in these studies,
including the present study, the intra-articular drainwas placed for
only 1e2 days, and there was no difference in the timing of initi-
ation of joint ROM training and muscle strength training between
patients with and without drains. Therefore, even if a drain is used,
it should be removed to the extent that it does not affect
rehabilitation.

The current studies, included in this study, suggest that the use
of intra-articular drains after ACL reconstruction has no obvious
advantages over non-drain use in terms of pain, ROM, or muscle
strength in the early postoperative period, and there is reluctance
to use drains given the cost and risk of retrograde infection.8,16 This
is also true for total knee arthroplasty, in which intra-articular
groups. The VAS score at 4 h after surgery was significantly larger in group D than in

o the groups Group D (n ¼ 68) Group N (n ¼ 60) P Value

6.4 ± 2.8 5.8 ± 3.1 0.32
5.4 ± 2.7 4.3 ± 2.2 0.033*
4.4 ± 2.4 4.5 ± 2.2 0.59
2.1 ± 2.0 2.4 ± 1.9 0.26
1.3 ± 1.2 1.4 ± 1.3 0.85



Table 3
The results of knee ROM at 2, 4, 12 weeks after ACL reconstruction between two the groups. No significant difference was noted between the two groups at 2, 4, and 12 weeks
after surgery.

The results of knee ROM at 2, 4, 12 weeks after ACL reconstruction between two the groups Group D (n ¼ 68) Group N (n ¼ 60) P Value

Knee extension at 2 weeks �8.9 ± 6.6 �8.3 ± 7.2 0.31
Knee flexion at 2 weeks 88.6 ± 19.7 94.7 ± 21.4 0.13
Knee extension at 4 weeks �3.9 ± 3.8 �2.7 ± 3.8 0.09
Knee flexion at 4 weeks 111.6 ± 18.2 117.9 ± 18.1 0.06
Knee extension at 12 weeks 0.4 ± 2.8 0.7 ± 2.7 0.44
Knee flexion at 12 weeks 140.7 ± 5.2 140.9 ± 6.6 0.48

Table 4
The results of extensor and flexor muscle strength at 12 weeks after ACL reconstruction between two the groups in peak torque, LSI and BW ratio. No significant difference in
the peak torque, LSI, and BW ratio was found between the two groups at 12 weeks after surgery.

The results of extensor and flexor muscle strength at 12 weeks after ACL reconstruction between two the groups in peak torque,
LSI and BW ratio

Group D
(n ¼ 68)

Group N
(n ¼ 60)

P
value

Extension 60�/s (Nm) 100.2 ± 37.2 102.7 ± 38.1 0.66
Extension 180�/s (Nm) 71.6 ± 27.1 75.7 ± 27.3 0.45
Flexion 60�/s (Nm) 49.3 ± 19.7 53.4 ± 18.2 0.16
Flexion 180�/s (Nm) 44.1 ± 18.1 48.6 ± 17.8 0.14
LSI ext60� (%) 77.4 ± 18.5 73.1 ± 16.2 0.21
LSI ext180� (%) 81.7 ± 17.6 82.1 ± 22.2 0.77
LSI flex60� (%) 87.8 ± 18.8 87.2 ± 17.5 0.93
LSI flex180� (%) 90.8 ± 22.1 93.8 ± 28.6 0.72
BW ratio ext 60� (Nm/kg) 1.6 ± 0.5 1.6 ± 0.6 0.79
BW ratio ext180� (Nm/kg) 0.8 ± 0.3 0.9 ± 0.3 0.54
BW ratio flex60� (Nm/kg) 1.2 ± 0.3 1.2 ± 0.4 0.25
BW ratio flex180� (Nm/kg) 0.7 ± 0.3 0.8 ± 0.3 0.18

LSI: limb symmetry index, BW: body weight, ext: extension, flex: flexion.
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drains have been used traditionally, and recent reports have shown
only the disadvantages of increased blood loss and transfusions,
leading to being doubtful about the use of the intra-articular
drain.5,17,18 Although we cannot consider it in the same league as
TKA because ACL reconstruction rarely requires blood transfusions,
evidence is accumulating regarding its use during ACL recon-
struction and the use of intra-articular drain is expected to decrease
in the future.

Although we have made several efforts to minimize methodo-
logical limitations in this study, some limitations should be
acknowledged. First, this study was not a randomized trial. The two
groups were divided by the period when they received surgery,
which may have resulted in bias in terms of surgeon proficiency
and proficiency in hospitalization management. Fortunately, there
were no differences in patient background or operative time in this
study, but more large randomized prospective studies are needed.
Second, the effect of meniscal repair on meniscus injury concomi-
tant with ACL injury was not ruled out. Meniscal repair may pro-
long the operative time and worsen pain due to the use of a
tourniquet and meniscal repair site pain. These may contribute to
early postoperative pain and ROM limitation. We still believe that a
randomized trial with standardized conditions is needed in the
future.

Conclusions

Postoperative painwas greater at 4 h postoperatively in group D.
Furthermore, the intra-articular drain did not affect muscle
strength, ROM, and complications in the early postoperative period.
The usefulness of an intra-articular drain after ACL reconstruction
was considered low.
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Abbreviations

ACL anterior cruciate ligament
BTB bone-tendon-bone
ROM range of motion
VAS visual analog scale
NSAID non-steroidal anti-inflammatory drugs
LSI limb symmetry index
BW body weight
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