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Screening for Arthrofibrosis After Anterior Cruciate Ligament
Reconstruction: Analysis of Association

With Human Leukocyte Antigen

Michael Skutek, M.D., Holger-A. Elsner, M.D., Kalina Slateva, Ph.D., Hermann-O. Mayr, M.D.,
Thomas-G. Weig, M.D., Martijn van Griensven, M.D., Christian Krettek, M.D., and

Ulrich Bosch, M.D.

Purpose: Arthrofibrosis represents a severe complication of trauma and reconstructive joint surgery
because of generalized connective tissue proliferation resulting in painful joint stiffness. It often
appears stereotypical in terms of its clinical and pathologic features, comprising excess deposition of
extracellular matrix proteins such as collagen type I, III, and VI and proliferation of fibroblasts.
However, trauma and surgery around joints does not always lead to fibrosis, suggesting a genetic
predisposition. For a number of autoimmune diseases, strong associations have been described. The
objective of the study was to investigate whether an association of HLA (human leukocyte antigen)
with primary arthrofibrosis exists. Type of Study: Retrospective cohort study. Methods: Seventeen
patients with primary arthrofibrosis after autologous anterior cruciate ligament (ACL) reconstruction
were identified and clinically reviewed. Blood samples were taken, and DNA was isolated by column
extraction method. DNA samples were typed for the loci HLA-A, -B, -C, -DRB1, and -DQB1.
Results were compared with the frequencies of allelic groups as determined for the caucasoid
population. Results: HLA-Cw*07 was significantly less often found in the patient group than in the
general population (P � .022). The opposite effect was seen for Cw*08, which was found in 17.6%
of the patient group but only in 3.8% of the reference group (P � .045). A significant difference was
also seen for DQB1*06, because 23.5% of the patients but 48.6% of the reference group possessed
an allelic variant of this group (P � .048). However, according to the relatively small number of
patients, a statistical bias cannot be excluded. Conclusions: A possible link may exist between
arthrofibrosis and HLA-Cw*07- and DQB1*06-negative as well as Cw*08-positive individuals.
Further investigation is necesessary to confirm or vitiate the possible association. Level of Evidence:
Level IV. Key Words: Arthrofibrosis—ACL reconstruction—HLA-association—Genetic predispo-
sition.
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rthrofibrosis, a severe complication after traumatic
injuries and reconstructive surgery, represents a

hallenge to the attending surgeon in terms of early
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Arthroscopy: The Journal of Arthroscopic and Related Sur
iagnosis and management. It is often associated with
njury of the anterior cruciate ligament (ACL). However,
ausal pathogenesis is unclear. Clinical appereance often
omprises painful loss of motion, including extension
nd flexion.1 Restriction of both flexion and extension
ccurs when diffuse scar tissue or fibrous adhesion form
ithin the joint. A variety of factors have been shown to
e associated with loss of motion. However, why the
nees of certain patients form an exaggerated pathologic
brous hyperplasia and others do not is not known.
herefore, we consider arthrofibrosis as “primary” when
econdary reasons for motion loss, such as surgical com-
lications, prolonged immobilization, or poor rehabilita-

2
ion, can be excluded.
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470 M. SKUTEK ET AL.
Arthrofibrosis is the result of increased cellular pro-
iferation and an enhanced synthesis of matrix proteins
collagen I, III, and VI).3 The rationale might be a
hronic inflammatory reaction caused by activated
nflammatory cells and cytokines. The inflammatory
ells, in turn, are supposed to activate local cells to
roliferate and to synthesize extracellular matrix pro-
eins.4,5

One important mediator for induction of fibrillary
atrix proteins or fibroblast proliferation are the cy-

okines platelet-derived growth factor (PDGF)-B and
ransforming growth factor (TGF)-�.6,7 These factors
ere identified by Murakami et al.8 in elevated con-

entration in Hoffa’s fat pad after reconstruction of the
CL.
One physiologic effect of TGF-� is inhibition of
acrophages and activation of neutrophil granulo-

ytes. Additionally, TGF-� positively influences col-
agen synthesis and proliferation of fibroblasts. The
nfluence of TGF-�1 on induction of adhesions or
carring has been proven experimentally by Ghellai et
l.9 and clinically by Tredget et al.10 Krotzsch-Gomez
t al.11 confirmed the inductive effect of PDGF and
GF-� on fibroblasts.
Some diseases such as pulmonary fibrosis and

clerodermia are also characterized by an unbalanced
roliferation of fibroblasts. Researchers have hypoth-
sized that lung fibrosis initially begins with influx of
nflammatory cells, followed by a cytokine release
esulting in fibroblast proliferation and synthesis of
atrix proteins. Genetic influence may manipulate

his cascade on the immunologic (cellular) level or
odulate collagen metabolism.12

Murakami et al.6 suspected a similar pathomecha-
ism in primary arthrofibrosis. Briggs et al.13 de-
cribed a correlation of HLA-DR3 or HLA-DR52 and
n increased risk of developing lung fibrosis in pa-
ients with sclerodermia. Therefore, evidence exists
or an association of primary arthrofibrosis to HLA.
LA association has been described in some diseases
ith immunologic background.14

The HLA complex, located on the short arm of
hromosome 6, contains over 200 genes. Many of
hem play an important role in the adaptive immune
ystem. HLA-associated diseases are caused by an
nterplay of many different genes and environmental
actors, in which HLA genes or combination of alleles
haplotypes) often confer the strongest genetic predis-
osition.
The objective of this study was to investigate
hether the frequency of specific allelic groups in

atients with manifest arthrofibrosis is different com- B
ared with the general healthy Caucasian population.
n case of a positive association, this could ease iden-
ification of patients at risk and facilitate preoperative
creening. For this study, 17 patients with primary
rthrofibrosis were identified, and DNA samples were
yped for the loci HLA-A, -B, -Cw, -DRB1, and
DQB1 by sequence-specific–primed polymerase
hain reaction (PCR). Results were compared with the
requencies of allelic groups as determined for the
eneral Caucasian German population.

METHODS

atients

From all patients who underwent arthroscopy for
rimary arthrofibrosis of the knee between 1990 and
998, 18 patients were selected in alphabetical order
or further investigation. Only patients were included
ho had ACL reconstruction before arthrofibrosis de-
eloped. All patients had painful restriction of exten-
ion or limitation of both extension and flexion caused
y intra-articular scarring and without surgical com-
lications such as intra-articular implants. This was
onsidered primary arthrofibrosis. According to Shel-
ourne et al.,15 the level of arthrofibrosis comprised
ype 1 (n � 0), type 2 (n � 7), type 3 (n � 4), and type

(n � 6) (Table 1). Secondary reasons for arthrofi-
rosis, such as immobilization, pyarthros, reflexdys-
rophia, or thrombosis, were excluded. One patient
as excluded from the study because he was of an-
ther ethnic group than the control group.

linic

Of 17 patients who underwent knee surgery (fe-
ale:male ratio, 11:8; mean age, 35.6 � 7.3 years), 14
ere treated using autologous patellar tendon trans-
lant and 3 using semitendinosus tendon transplant. In
patients, additional meniscal repair was performed

Table 2). Initially, the time interval between ACL
upture and reconstruction was 5.7 � 11.6 weeks.

TABLE 1. Level of Arthrofibrosis According to
Shelbourne et al.15

Extension Deficit Flexion Deficit Other Criteria

ype I �10° No No
ype II �10° No No
ype III �10° �25° Contract patella
ype IV �10° �30° Patella baja
efore arthrolysis, mean extension deficit was 13.9°
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471SCREENING FOR ARTHROFIBROSIS
10.1°. Range of motion was 83.8° � 20.9°. All
atients started with early physiotherapy and contin-
ous passive motion (Table 2). Postoperatively, both
alues improved significantly (extension deficit, 2.6°

3.5°; range of motion, 126.5° � 16.7°; P � .001).

LA Typing

All patients returned to the clinic for follow-up
valuation and consented for blood samples to be
aken (10 mL ethylendiamin tetraacetic acid blood) for
urther investigation. DNA was isolated by column
xtraction method. The samples were typed for the
oci HLA-A, -B, -Cw, -DRB1, and -DQB1 by se-
uence-specific–primed PCR (PCR-SSP).16-18

tatistical Analysis

The HLA frequencies of the patient group were
ompared with the distribution of HLA-A, -B, -Cw,19

w4/Bw6 (Lenhard, Biotest AG, Dreieich, Germany,
ersonal communication), -DRB1, 3, 4, 5,20 and
DQB1 allelic groups21 in the general Caucasian Ger-
an population. The statistical analysis was per-

ormed on the phenotype level using a 2-tailed Fisher
xact test.22

RESULTS

In the patient group (n � 17 patients with arthrofi-

TABLE 2. Postoperative Protocol and Ass
Immobilization

Patient Gender
Duration of

Physiotherapy (mo)
Start

Af

1 M �18
2 F �18
3 M 12
4 M �18
5 M �18
6 M 18
7 F 6
8 M �18
9 F 18

10 M �18
11 F �18
12 F �18
13 F 18
14 M �18
15 F �18
16 F 18
17 M �18

NOTE. In 5 patients, additional meniscal repairs were performe
rosis after ACL reconstruction), HLA-Cw*07 was n
ound significantly less often than in the control group
P � .022).

That is, 4 of 17 patients (23.5%) possessed this
arker compared with in the reference group, of
hich 53.8% were Cw*07 carriers. The opposite ef-

ect was seen for Cw*08, which was found in 3
atients (17.6%), but only in 3.8% of the reference
roup (P � .045; Fig 1).
A significant difference was also seen for HLA-
QB1*06, because only 4 patients (23.5%) were
QB1*06-positive, whereas 48.6% of the reference

d Procedures: Duration of Physiotherapy,
Start of CPM

siotherapy
ery (wk)

Start of CPM After
Surgery (wk) Meniscal Repair

2 —
2 —
0 Yes
0 —
0 Yes
0 Yes
0 —
2 —
0 Yes
3 —
0 —
0 —
1 —
0 —
0 Yes
0 —
2 —

IGURE 1. Relative frequencies of HLA-C groups at the pheno-
ype level. The difference between the patient and reference groups
oncerning HLA-Cw*07 (P � .022) and HLA-Cw*08 (P � .045)
s statistically significant. Cw*13 and Cw*18 were represented in
ociate
, and

of Phy
ter Surg

0
2
0
2
0
0
0
2
0
4
0
0
2
0
0
0
6

d.
either of the 2 groups.



g
.

C

r
p
w
w

w
p
s
p
e
p

a
D
a
e
S
r

c
t
s
a
a
d
H
o
H

c
i
g
m
g
b
H
i

1
t
f
d
e
p
t
D
t

H
c
t
s
s
w
p
i

w
C
l
m
v
C
p
a
t

t
c
b
a
s
D
d
a

k

F
l
c

472 M. SKUTEK ET AL.
roup possessed an allelic variant of this kind (P �
048; Fig 2).

linical Results

At follow-up evaluation, mean extension deficit and
ange of motion were significantly improved com-
ared with preoperative findings. The extension deficit
as reduced to 2.6° � 3.5°. Overall range of motion
as 126.5° � 16.7° (P � .001).

DISCUSSION

The objective of the study was to investigate
hether the frequency of specific allelic groups in
atients with manifest arthrofibrosis after ACL recon-
truction is different from in the general Caucasian
opulation. In case of a positive association, this could
ase identification of at-risk patients and facilitate
reoperative screening.
The significantly increased number of HLA-Cw*08

nd significantly decreased HLA-Cw*07 and
QB1*06 indicate a possible association to primary

rthrofibrosis. However, a statistical bias cannot be
xcluded because of the small number of patients.
econdary reasons for arthrofibrosis were excluded,
esulting in a homogenous patient collective.

The HLA complex, located on the short arm of
hromosome 6, contains over 200 genes. Many of
hem play an important role in the adaptive immune
ystem, whereas other genes are not linked with HLA
nd have nothing to do with immunity. HLA-associ-
ted diseases are caused by an interplay of many
ifferent genes and environmental factors, where
LA genes or combination of alleles (haplotypes)
ften confer the strongest genetic predisposition.

IGURE 2. Relative frequencies of DQB1 groups at the phenotype
evel. Only the difference between the patient and reference groups
oncerning DQB1*06 is statistically significant (P � .048).
LA-associated diseases include narcolepsy, hemo- a
hromatosis, susceptibility to microbial agents, auto-
mmune diseases, and cancer. HLA class I and II
enes may be directly involved in pathogenesis or
ay be in close proximity to the disease-causing

enes on the chromosome and thus simulate causality
ecause of linkage dysequilibrium. For many diseases,
LA associations are weak and may be fortu-

tous.10,11,21

A review by Marshall et al.12 on lung fibrosis lists
2 publications that focused on HLA associations of
he hereditary form of lung fibrosis. These studies
ound no clear association between HLA type and
isease. However, for a number of autoimmune dis-
ases, strong associations have been described, in
articular for ankylosing spondylitis and reactive ar-
hropathy (HLA-B27), rheumatoid arthritis (HLA-
R4), and insulin-dependent (type 1) diabetes melli-

us (DQB1*0201, DR4, DQB1*0302).
In our study, beside analysis of association with
LA-A, -B, -Cw, -DRB1, and -DQB1, patients were

ompared with the HLA-B control group with regard
o the marker Bw4/Bw6. This marker exists in the 2
erologic variants Bw4 and Bw6 and represents a
equence motif within the �1-domain of HLA-B,
hich strongly influences the presentation of antigenic
eptides23,24 and which (variant Bw4) may act as an
nhibitory receptor for natural killer (NK) cells.24-26

In the study presented here, significant associations
ith primary arthrofibrosis were detected for Cw*07,
w*08, and DQB1*06. Cw*07 and DQB1*06 were

ess frequently found in the patient group and thus
ight confer some kind of protection against the de-

elopment of primary arthrofibrosis. In contrast,
w*08 was found significantly more often in the
atient group, so that one might hypothesize that this
llelic group represents a risk factor for primary ar-
hrofibrosis.

Further studies that include larger numbers of pa-
ients and a control group of patients after ACL re-
onstruction without a clinical diagnosis of arthrofi-
rosis are necessary to confirm or vitiate the possible
ssociation with HLA-Cw* and DQB1. These studies
hould include high resolution of Cw*07, Cw*08, and
QB1*06 at the allelic level by molecular methods to
etect possible associations with distinct allelic vari-
nts.

CLINICAL RELEVANCE

The results of the study represent important basic
nowledge in terms of HLA association to primary

rthrofibrosis. A potential link exists between arthro-
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473SCREENING FOR ARTHROFIBROSIS
brosis and having HLA-Cw*08 as well as not having
LA-Cw*07 or DQB1*06. Further investigation in

erms of association with Cw* and DQB1 is neces-
ary. Those studies should be based on larger numbers
f patients, using a control group of patients without a
linical diagnosis of arthrofibrosis after ACL recon-
truction. If association to certain Cw* and DQB1
lleles could be proven, preoperative screening could
e helpful regarding the decision between surgical and
onsurgical therapies.
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1. Kuhröber A, Knipper AJ, Enczmann J, et al. Caucasian Ger-
man normal. In: Gjertson DW, Terasaki PI, eds. HLA 1998.
Lenexa, KS: American Society for Histocompatibility and
Immunogenetics, 1998;148.

2. Svejgaard A, Ryder RP. HLA and disease associations: De-
tecting the strongest association. Tissue Antigens 1994;43:18-
27.

3. Arnett KL, Huang W, Valiante NM, et al. The Bw4/Bw6
difference between HLA-B*0802 and B*0801 changes the
peptides endogenously bound and the stimulation of alloreac-
tive T cells. Immunogenetics 1998;48:56-61.

4. Hill AV, Elvin J, Willis AC, et al. Molecular analysis of the
association of HLA-B53 and resistance to severe malaria.
Nature 1992;360:434-439.

5. Cella M, Longo A, Ferrara GB, et al. NK3-specific natural
killer cells are selectively inhibited by Bw4-positive HLA
alleles with isoleucine 80. J Exp Med 1994;180:1235-1242.

6. Gumperz JE, Barber LD, Valiante NM, et al. Conserved and
variable residues within the Bw4 motif of HLA-B make sep-
arable contributions to recognition by the NKB1 killer cell

inhibitory receptor. J Immunol 1997;158:5237-5241.


	Screening for Arthrofibrosis After Anterior Cruciate Ligament Reconstruction: Analysis of Association With Human Leukocyte Antigen
	METHODS
	Patients
	Clinic
	HLA Typing
	Statistical Analysis

	RESULTS
	Clinical Results

	DISCUSSION
	CLINICAL RELEVANCE
	Acknowledgment
	REFERENCES


