10.5005/jp-journals-10017-1008
CASE SERIES

DOJ

Intra-articular Anakinra for the
Treatment of Persistent Inflammation and
Arthrofibrosis following Anterior Cruciate

Ligament Reconstruction

'Robert A Magnussen MD, 'Christopher A Brown D, 2J Todd Lawrence mp, 'Alison P Toth MD
"Duke Sports Medicine, Duke University Medical Center, Durham, NC, USA
2Children’s Hospital of Philadelphia, Philadelphia, PA, USA

Correspondence: Alison P Toth, Duke Sports Medicine, Duke University Medical Center, DUMC Box 3970, Durham, NC 27710
USA, Phone: (919) 668-5416, Fax: (919) 481-6357, e-mail: alison.toth@duke.edu

ABSTRACT

Purpose: Postoperative inflammation and arthrofibrosis remain difficult problems following ACL reconstruction. Interleukin-1 (IL-1) is a
potent driver of intra-articular inflammation and arthrofibrosis following injury and surgery. Anakinra (Kineret, Amgen, Thousand Oaks,
CA) is an IL-1 receptor antagonist. We hypothesize that postoperative intra-articular anakinra use decreases inflammation and subsequent
arthrofibrosis, reducing the need for arthroscopic debridement and manipulation under anesthesia.

Methods: Four patients (ages 15-56) who were treated with anakinra for persistent postoperative inflammation and scarring within 4
months of ACL reconstruction were retrospectively reviewed. Anakinra was utilized when patients were unable to obtain full extension
and at least 90° of flexion 1 month postoperatively in association with persistent effusions or decreased patellar mobility.

Results: Anakinra injection was performed between 36 and 97 days postsurgery. All four reported improvements in range of motion and
decreased pain and effusions within 10 days of injection. One patient, who did not receive anakinra until more than 3 months postsurgery,
required eventual arthroscopic debridement of a cyclops lesion but none of the patients required frank lysis of adhesions or manipulation
under anesthesia. No adverse reactions to anakinra occurred.

Conclusion: Based on previous experience, we believe that all of these patients would have required arthroscopic debridement of scar
tissue and manipulation under anesthesia to regain motion were not for the anakinra treatment. Clearly, the concept of IL-1 inhibition in
the postoperative knee requires further research, but early results are promising for this unique treatment of a difficult clinical problem.
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INTRODUCTION

The anterior cruciate ligament (ACL) is frequently injured and
its reconstruction is among the most commonly performed
orthopaedic surgical procedures. Although reconstruction yields
good results in many cases, recovery can be hampered by the
development of postoperative arthrofibrosis.® The last three
decades have witnessed numerous surgical advances that have
significantly decreased the incidence of this complication. The
development of arthroscopic techniques has eliminated the need
for a formal arthrotomy, significantly decreasing scarring.? The
utilization of more secure graft fixation devices has allowed
“accelerated” rehabilitation protocols to help regain motion
postoperatively.>* Finally, numerous authors have demonstrated
a higher incidence of arthrofibrosis following reconstruction
within 4 weeks of an acute ACL tear.>’ This finding has led
surgeons to delay reconstruction until good preoperative range
of motion is restored. In spite of these advances, postoperative
motion loss continues to be a frequent complication of ACL
reconstruction. Patients who fail to regain motion following

aggressive physical therapy frequently require arthroscopic
debridement and manipulation.

Work by Mayr et al suggests the presence of inflammation
in the knee rather than timing of surgery is the key predictor of
the development of postoperative arthrofibrosis.® They
demonstrated that a persistent effusion beyond 4 weeks
following reconstruction is correlated with an increased risk of
arthrofibrosis. It is therefore desirable to avoid prolonged joint
inflammation following ACL reconstruction. Traditionally, ice
and nonsteroidal anti-inflammatory drugs, and more recently
oral corticosteroids,® have been used for this purpose.

Growing literature demonstrates the key role of
interleukin-1 (IL-1) in inflammation and the development of
arthrofibrosis. ! IL-1 is released in the acute inflammatory
response following injury or surgery and leads to increased
expression of adhesion molecules and leukocyte infiltration.
More importantly, it acts as an “alarm cytokine,” stimulating
increased production of other proinflammatory cytokines,
including interleukin-6 (IL-6), transforming growth factor beta-
1 (TGF-B1) and tumor necrosis factor-alpha (TNF-o;).1%13
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TGF-B1 along with platelet-derived growth factor (PDGF) is a
profibrotic cytokine with a key role in the development of
progressive tissue fibrosis through the stimulation of
myofibroblasts and fibroblasts to cause extracellular collagen
accumulations.***" IL-1 is also able to stimulate fibroblasts
directly, and thus drives fibrogenesis directly and indirectly.*®

The key role of IL-1 in postsurgical inflammation suggests
that targeting IL-1 may be an effective therapy for decreasing
excessive postoperative inflammation and preventing post-
operative arthrofibrosis. Anakinra (Kineret, Amgen, Thousand
Oaks, CA) isan IL-1 receptor antagonist (IL-1ra) approved for
subcutaneous daily use in rheumatoid arthritis. Although
anakinra was developed for the treatment of rheumatoid arthritis,
a number of studies have evaluated its safety and potential
efficacy for the treatment of other conditions.!®2 In addition,
anakinra has been used safely via intra-articular administration
in patients with established osteoarthritis of the knee.??

The senior author has utilized intra-articular anakinra
injections for the treatment of persistent postoperative
inflammation and arthrofibrosis following ACL reconstruction
over the last 3 years. We hypothesize that in patients with
persistent postoperative inflammation and scarring following
ACL reconstruction, intra-articular anakinra injection decreases
this inflammation and lessens the need for subsequent surgical
manipulation and debridement of scar tissue.

MATERIALS AND METHODS

Patient Selection

Between May 1, 2007 and April 30, 2010, the senior author
treated four patients with anakinra for persistent postoperative
inflammation and scarring within 4 months of ACL
reconstruction. Anakinra was utilized when patients were unable
to obtain full extension and at least 90° of flexion one month
postoperatively in association with persistent effusions or
decreased patellar mobility. All patients had associated knee
injuries addressed surgically at the time of reconstruction. One
patient underwent meniscal repair, one patient had a
posterolateral corner injury reconstructed and two patients were
treated for grade 3 medial collateral ligament injuries with
posteromedial capsular insufficiency (one patient was treated
with primary repair and one patient with an allograft MCL
reconstruction). The four patients (one male and three females)
ranged in age from 15 to 56 years.

Data Collection

After permission was obtained from our institutional review
board, a retrospective review of these patents’ medical records
was undertaken. Preoperative information (patient demo-
graphics, date and mechanism of injury), operative information
(time from injury to ACL reconstruction, associated injuries
noted and concomitant procedures performed at ACL
reconstruction, reconstructive technique and graft choice),
postoperative information (details of rehabilitation, pain scores
and range of motion at follow-up) and information regarding
treatment for postoperative inflammation and stiffness were
recorded from the patients’ electronic medical records.

Surgical Technique

ACL reconstruction was performed between 18 and 50 days
postinjury after resolution of any postinjury effusion. All patients
had full range of motion compared to the contralateral limb
prior to surgery with the exception of one patient who lacked
5° of terminal extension (Table 1). A primary ACL
reconstruction was performed in three patients while one patient
underwent revision ACL reconstruction with either hamstring
autograft or patellar tendon allograft and standard fixation
techniques. The femoral tunnel was drilled with a transtibial
technique in one case and through an independent outside-in
technique in three cases. Associated injuries included meniscal
and chondral pathology, posterolateral corner injury and medial
collateral ligament injury, all of which were treated with standard
techniques (Table 2).

Rehabilitation

Rehabilitation protocol was varied due to the high incidence of
associated injuries in this series of patients. The patient who
underwent concomitant meniscal repair was limited in therapy
to 90° of flexion for 6 weeks postoperative but allowed to weight
bear as tolerated immediately. The patient with a posterolateral
corner injury and the two patients with MCL and posteromedial
capsular insufficiency were kept non-weightbearing for 3 weeks
then advanced to weightbearing as tolerated. They were placed
in a hinged knee brace postoperatively but were allowed to flex
90° by 4 weeks postoperative and full range of motion thereafter
with the exception of hyperextension, which was blocked with
the brace for 8 weeks.

Table 1: Preoperative patient information

Patient Age Sex Mechanism of injury Preoperative range Preoperative
of motion (extension-flexion) effusion
1 24 Female Flag football 0-130 None
2 27 Male Martial arts 5-135 None
3 56 Female Skiing 0-135 None
4 15 Female Soccer 0-135 None
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Table 2: Surgical information

Patients  Time from Principal Graft Graft fixation Femoral Additional Additional
injury to procedure tunnel findings procedures
reconstruction technique
18 days Primary ACL Hamstring ~ Femoral: Endobutton Independent Medial and Medial

reconstruction autograft Tibial: Staple and lateral meniscus
absorbable screw meniscus repair
tears
Femoral: Endobutton
50 days Primary ACL Hamstring Tibial: Staple and Independent Posterolateral ~ Posterolateral
reconstruction autograft absorbable screw corner injury corner
Lateral reconstruction
Both: Absorbable meniscus tear
interference screws
32 days Primary ACL BTB Independent MCL tear MCL
reconstruction allograft Posteromedial  reconstruction
capsular Posteromedial
insufficiency capsular
Medial repair
meniscus tear  Partial medial
Both: Absorbable meniscectomy
interference screws
45 days Revision ACL BTB Transtibial MCL tear MCL primary
reconstruction allograft Posteromedial  repair
capsular Posteromedial
insufficiency capsular
repair

ACL — Anterior cruciate ligament; BTB — Bone-patellar tendon-bone; MCL — Medial collateral ligament

Anakinra Administration

Intra-articular anakinra administration was performed in all
patients via a superolateral approach. Aspiration of synovial
fluid confirmed intra-articular position in all patients and
200 mg of anakinra was injected into the supra-patellar pouch
in all four patients.

CASE REPORTS

Patient 1

The patient is a 24-year-old female who underwent ACL
reconstruction and medial meniscus repair without
complication. Postoperative motion was initially progressing,
but by postoperative day 40, she lacked 5° of terminal extension
and could only flex to 70°. Her patellar mobility was decreased
to 1 quadrant or less in four directions. Anakinra injection was
performed on postoperative day 41. She noted sudden
improvement in her motion within 48 hours of the injection.
Three weeks later, her knee range of motion had improved to 2
to 125° and her patellar mobility had improved considerably.
Motion continued to improve and by 4 months postoperative
was equal to the contralateral limb.

Patient 2

The patient is a 27-year-old male who underwent ACL
reconstruction and posterolateral corner reconstruction. The

patient’s knee was initially stiff postoperatively, but by 5 weeks
his postoperative motion had improved to 5 to 110°. However,
over the next 6 weeks he could not improve his terminal
extension and his range of motion, 90 days postoperative, was
10 to 115°. Anakinra injection was given on postoperative day
97. He reported improvement in his flexion and decreased pain
within the first week following injection. After 4 weeks, his
motion had improved to 5 to 130° but he continued to lack
terminal extension and developed a palpable “pop” when he
extended the knee. He was taken to the operative room and
scar was debrided from the anterior compartment.
Postoperatively, he had full extension, and by postoperative
day 31 had range of motion from 0 to 130°.

Patient 3

The patient is a 56-year-old female who underwent ACL
reconstruction with associated medial collateral ligament
reconstruction and partial medial meniscectomy. She was noted
to lack extension two weeks postoperatively and by
postoperative day 36, her range of motion was 5 to 90° with
associated decreased patellar mobility. Anakinra injection was
given on postoperative day 38. Two weeks later, her patellar
mobility had improved to normal and her range of motion was
0to 110°. Six months postoperatively, she had equivalent range
of motion to the contralateral limb.
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Patient 4

The patient is a 15-year-old female who underwent revision
ACL reconstruction and medial collateral ligament primary
repair. She had significant difficulty with knee flexion post-
operatively and by postoperative day 34, had range of motion
of 0 to 50° with decreased patellar mobility. Anakinra injection
was given on postoperative day 36. She and her physical
therapist noted improvement in her knee range of motion within
3 days of injection. Four weeks later, her patellar mobility had
improved and her range of motion was 0 to 120°. Three months
postoperatively, her knee motion was nearly equal to the
contralateral limb.

RESULTS

Anakinra injection was performed in all four patients between
36 and 97 days postsurgery. Minimum follow-up was six months
(range 6-15 months). All four patients noted decrease in their
effusions. All reported decreased pain and improvements in
range of motion within 10 days of injection. The three patients
noted to have decreased patellar mobility prior to injection had
resolution of this finding. One patient required eventual
arthroscopic cyclops lesion debridement due to persistent
extension deficit and clicking in the front of the knee with active
extension. None required manipulation under anesthesia or
formal lysis of adhesions. All patients were noted to have a
nearly normal Lachman postoperatively, which remained
unchanged following anakinra administration. All patients with
pain noted improvement in their pain following anakinra
injection (Table 3). No adverse reactions to anakinra were noted
in this series.

DISCUSSION

This case series represents the first published report of the intra-
articular use of an IL-1 inhibitor to treat arthrofibrosis following
ACL reconstruction. Based on previous experience, we believe
that all of these patients would have required arthroscopic
debridement of scar tissue and manipulation under anesthesia
to regain motion were not for the anakinra treatment. Previous
reports have documented an increased risk of arthrofibrosis
following ACL reconstruction in patients with associated
injuries.”2% In our case series, one of the patients required
arthroscopic debridement in spite of anakinra treatment. This
patient required debridement of limited scar tissue in the anterior
compartment that was limiting extension and causing palpable
clicking in the joint, but did not require manipulation under
anesthesia to regain motion. This patient received anakinra
considerably later in his postoperative course (97 days) than
the other three patients in whom repeat arthroscopy was avoided
(36, 38 and 41 days). Perhaps anakinra is more effective in
preventing arthrofibrosis when given earlier in the postoperative
course.

Previous efforts to decrease joint inflammation following
ACL reconstruction have been limited to ice, elevation and oral

anti-inflammatory medications. Intra-articular corticosteroid
injections have generally been avoided in the early postoperative
period due to concerns of inhibition of graft healing. While the
specific role of IL-1 in wound healing has not been completely
elucidated, in vitro studies have demonstrated that high
concentration of IL-1 have deleterious effects on porcine
meniscal healing.?>?® In animal studies, wounds in different
locations demonstrate differential responses to IL-1
concentration. IL-1 knockout mice demonstrated poor healing
of oral wound compared to controls, but dermal wound healing
is unaffected.?” Similarly, increased IL-1 concentration has been
associated with poor healing of skin in mice.?® Thus, elevated
levels of IL-1 seem to be detrimental to healing, so blockade of
IL-1 may be advantageous postoperatively.

In Europe, autologous conditioned serum (ACS), which
contains high levels of IL-1receptor antagonist (IL-1ra), has
been investigated as a method for decreasing the deleterious
actions of IL-1 in post-ACL reconstruction patients. These
actions include increased osteoclastic activity leading to tunnel
widening.?® There have no reports of inhibited ACL graft healing
with ACS administration. In vitro, ACL fibroblasts have been
noted to proliferate in response to platelet-derived growth factor
(PDGF) and basic fibroblast growth factor, but not in response
to 1L-1.%° Several authors have noted an increased concentration
of IL-1in ACL deficient knees, which correlates with the degree
of chondral injury.®! Decreased native IL-1ra levels in the
synovial fluid have been noted in these same knees.> Increases
in synovial fluid levels of IL-1 have been noted following ACL
reconstruction as well.2° Restoration of a more normal IL-1 to
IL-1ra balance via anakinra administration may in fact be
advantageous to the ACL reconstruction.

No adverse reactions to anakinra injection were noted in
this series. The senior author has utilized intra-articular anakinra
injections on nearly 100 occasions without complication.
Specifically there have been no instances of allergic reaction,
systemic effects or wound complications. Other authors have
reported similarly low complication rates with intra-articular
anakinra use.??

This study has numerous weaknesses. Primarily, the small
number of patients severely limits the conclusions that can be
reached from this data. Clearly, the concept of IL-1 inhibition
in the postoperative knee requires further research. Additionally,
the retrospective nature of the study limits which variables can
be collected and limits our knowledge of the reliability of certain
data points. Specifically, ranges of motion data were likely not
quantified with a goniometer in all cases but rather represent
the clinician’s estimate of the range of motion in some cases.
Follow-up is quite short; however, it far exceeds the time period
that anakinra would be expected to present in the joint (less
than 1 week) and we have noted no recurrence of stiffness.
Longer follow-up will be critical to verify successful recovery.
Perhaps the most significant limitation of the study is the lack
of a control group that did not receive anakinra. Future
investigations into this topic should include a prospective,
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Table 3: Treatment of postoperative inflammation

Patients Postoperative Intervention Range of Effusion Pain score* Lachman Other physical
day motion exam findings
(degree)
(Extension-
flexion)
1 = el Minimal 1 Near normal
40 5-70 Minimal 1 Near normal Decreased patellar
mobility
41 Anakinra
injection Near normal Improved patellar
75 2-125 None 0 mobility
103 -2-130 None 0 Near normal
143 —5-135 None 0 Near normal
199 —5-143 None 0 Near normal
2 11 20-90 Moderate 6 NR
39 5-110 Moderate 2 Near normal
90 10-115 Moderate 2 Near normal
97 Anakinra
injection
125 5-130 Minimal 1 Near normal Palpable “pop” noted
134 Arthroscopic at 40° of extension
debridement
146/12 0-110 Minimal 1 Near normal
165/31 0-130 Minimal 1 Near normal
3 13 5-90 Moderate 4 NR
36 5-90 Moderate 8 Near normal Decreased patellar
mobility
38 Anakinra
injection
55 0-110 Minimal NR Near normal Improved patellar
mobility
146 0-130 None 1 Near normal
218 -5-135 None 1 Near normal
4 11 0-30 Minimal 1 Near normal
18 0-40 Minimal 1 Near normal
34 0-50 Minimal 0 Near normal Decreased patellar
36 Anakinra mobility
injection
63 0-120 None 0 Near normal Improved patellar
mobility
95 —2-135 None 0 Near normal
132 -5-130 None 0 Near normal
188 -5-130 None 0 Near normal
473 -5-135 None 0 Near normal

*Self-reported pain scale ranging from 0 (no pain) to 10 (worst pain imaginable); NR — Not reported

blinded, placebo controlled trial to determine whether anakinra
injection can help patients to avoid postoperative arthrofibrosis
following ACL reconstruction.

REFERENCES

1. Skutek M, Elsner HA, Slateva K, Mayr HO, Weig TG, van
Griensven M, Krettek C, Bosch U. Screening for arthrofibrosis
after anterior cruciate ligament reconstruction: Analysis of
association with human leukocyte antigen. Arthroscopy
2004;20(5):469-73.

2.

McCulloch PC, Lattermann C, Boland AL, Bach BR, Jr. An
illustrated history of anterior cruciate ligament surgery. J Knee
Surg 2007;20(2):95-104.

Boileau P, Remi M, Lemaire M, Rousseau P, Desnuelle C,
Argenson C. Plea for accelerated rehabilitation after ligament
plasty of the knee by a bone-patellar tendon-bone graft. Rev
Chir Orthop Reparatrice Appar Mot 1999;85(5):475-90.
Shelbourne KD, Gray T. Anterior cruciate ligament
reconstruction with autogenous patellar tendon graft followed
by accelerated rehabilitation: A 2 to 9-year follow-up. Am J
Sports Med 1997;25(6):786-95.

The Duke Orthopaedic Journal, July 2010-June 2011;1(1):51-

56

55



Robert A Magnussen et al

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Almekinders LC, Moore T, Freedman D, Taft TN. Postoperative
problems following anterior cruciate ligament reconstruction.
Knee Surg Sports Traumatol Arthrosc 1995;3(2):78-82.
Passler JM, Schippinger G, Schweighofer F, Fellinger M, Seibert
FJ. Complications in 283 cruciate ligament replacement
operations with free patellar tendon transplantation. Modification
by surgical technique and surgery timing. Unfallchirurgie
1995;21(5):240-46.

Shelbourne KD, Wilckens JH, Mollabashy A, DeCarlo M.
Arthrofibrosis in acute anterior cruciate ligament reconstruction.
The effect of timing of reconstruction and rehabilitation. Am J
Sports Med 1991;19(4):332-36.

Mayr HO, Weig TG, Plitz W. Arthrofibrosis following ACL
reconstruction—reasons and outcome. Arch Orthop Trauma Surg
2004;124(8):518-22.

Rue JP, Ferry AT, Lewis PB, Bach BR Jr. Oral corticosteroid
use for loss of flexion after primary anterior cruciate ligament
reconstruction. Arthroscopy 2008;24(5):554-59 el.

Pelletier JP, McCollum R, Cloutier JM, Martel-Pelletier J.
Synthesis of metalloproteases and interleukin-6 (IL-6) in human
osteoarthritic synovial membrane is an IL-1 mediated process. J
Rheumatol Suppl 1995;43:109-14.

Goldbach-Mansky R, Kastner DL. Autoinflammation: The
prominent role of IL-1 in monogenic autoinflammatory diseases
and implications for common illnesses. J Allergy Clin Immunol
2009;124(6):1141-49;quiz 1150-51.

Tschopp J, Martinon F, Burns K. NALPs: A novel protein family
involved in inflammation. Nat Rev Mol Cell Biol 2003;4(2):95-
104.

Cameron ML, Fu FH, Paessler HH, Schneider M, Evans CH.
Synovial fluid cytokine concentrations as possible prognostic
indicators in the ACL-deficient knee. Knee Surg Sports Traumatol
Arthrosc 1994;2(1):38-44.

Leask A, Abraham DJ. TGF-beta signaling and the fibrotic
response. FASEB J 2004;18(7): 816-27.

Bonner JC. Regulation of PDGF and its receptors in fibrotic
diseases. Cytokine Growth Factor Rev 2004;15(4):255-73.
Gharaee-Kermani M, Phan SH. Role of cytokines and cytokine
therapy in wound healing and fibrotic diseases. Curr Pharm Des
2001;7(11):1083-103.

Desmouliere A, Chaponnier C, Gabbiani G. Tissue repair,
contraction and the myofibroblast. Wound Repair Regen
2005;13(1):7-12.

Fernandes JC, Martel-Pelletier J, Pelletier JP. The role of
cytokines in osteoarthritis pathophysiology. Biorheology
2002;39(1-2):237-46.

Durand M, Troyanov Y, Laflamme P, Gregoire G. Macrophage
activation syndrome treated with anakinra. J Rheumatol
2010;37(4):879-80.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Mirault T, Launay D, Cuisset L, Hachulla E, Lambert M,
Queyrel V, Quemeneur T, Morell-Dubois S, Hatron PY.
Recovery from deafness in a patient with Muckle-Wells
syndrome treated with anakinra. Arthritis Rheum
2006;54(5):1697-700.

Reiff A. The use of anakinra in juvenile arthritis. Curr
Rheumatol Rep 2005;7(6):434-40.

Chevalier X, Giraudeau B, Conrozier T, Marliere J, Kiefer P,
Goupille P. Safety study of intra-articular injection of
interleukin 1 receptor antagonist in patients with painful knee
osteoarthritis: A multicenter study. J Rheumatol
2005;32(7):1317-23.

Noyes FR, Mangine RE, Barber SD. The early treatment of
motion complications after reconstruction of the anterior
cruciate ligament. Clin Orthop Relat Res 1992;277:217-28.
Harner CD, Irrgang JJ, Paul J, Dearwater S, Fu FH. Loss of
motion after anterior cruciate ligament reconstruction. Am J
Sports Med 1992;20(5):499-506.

McNulty AL, Moutos FT, Weinberg JB, Guilak F. Enhanced
integrative repair of the porcine meniscus in vitro by inhibition
of interleukin-1 or tumor necrosis factor alpha. Arthritis Rheum
2007;56(9):3033-42.

Wilusz RE, Weinberg JB, Guilak F, McNulty AL. Inhibition
of integrative repair of the meniscus following acute exposure
to interleukin-1 in vitro. J Orthop Res 2008;26(4):504-12.
Graves DT, Nooh N, Gillen T, Davey M, Patel S, Cottrell D,
Amar S. IL-1 plays a critical role in oral, but not dermal, wound
healing. J Immunol 2001;167(9):5316-20.

Ishida Y, Kondo T, Kimura A, Matsushima K, Mukaida N.
Absence of IL-1 receptor antagonist impaired wound healing
along with aberrant NF-kappaB activation and a reciprocal
suppression of TGF-beta signal pathway. J Immunol
2006;176(9):5598-606.

Darabos N, Hundric-Haspl Z, Haspl M, Markotic A, Darabos
A, Moser C. Correlation between synovial fluid and serum IL-1
beta levels after ACL surgery—preliminary report. Int Orthop
2009;33(2):413-18.

Scherping SC Jr, Schmidt CC, Georgescu HI, Kwoh CK, Evans
CH, Woo SL. Effect of growth factors on the proliferation of
ligament fibroblasts from skeletally mature rabbits. Connect
Tissue Res 1997;36(1):1-8.

Marks PH, Donaldson ML. Inflammatory cytokine profiles
associated with chondral damage in the anterior cruciate
ligament-deficient knee. Arthroscopy 2005;21(11):1342-47.
Cameron M, Buchgraber A, Passler H, Vogt M, Thonar E, Fu
F, Evans CH. The natural history of the anterior cruciate
ligament-deficient knee. Changes in synovial fluid cytokine and
keratan sulfate concentrations. Am J Sports Med
1997;25(6):751-54.

56

. JAYPEE
©



