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ABSTRACT

Background: The inability of anterior cruciate ligament reconstruction (ACLR) surgery to reduce tibial internal rotation causes
many problems. A large tibial internal rotation will result in a patellofemoral pain syndrome. This study aimed to introduce a new
technique of modified exorotation graft tension at tibial fixation to minimize endorotation, reduce tibial internal rotation, and
prevent patellofemoral pain syndrome.

Methods: This study was a randomized double-blind controlled clinical trial. ACL rupture patients underwent ACLR surgery
between December 2014 and Februrary 2015. They were randomized to standard endorotation group or modified exorotation

group. Hamstring autograft was used and fixed with an EndoButton® and bioabsorbable interference screw. Tibial tubercle
to trochlear grove (TTTG) was used to evaluate rotation, whereas cartilage oligomeric matrix protein (COMP) was employed
to analyze cartilage breakdown. The functional outcome was measured using the Kujala score to assess patellofemoral joint
function. Evaluations were conducted before the surgery and at 6 months postoperation.

Results: A total of 29 subjects were recruited. Sixteen subjects were allocated into the standard endorotation group, and 13 were
assigned to the modified exorotation group. The exorotation group demonstrated better results than the endorotation group in
all three parameters: TTTG (p=0.028), COMP (p<0.001), and Kujala score (p=0.015).

Conclusion: A new technique of modified exorotation direction of graft tension for ACL reconstructive surgery at tibial fixation
showed a significant reduction in tibial internal rotation and cartilage breakdown. The proposed method could significantly
improve the functional outcome of those with total ACL rupture.
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Anterior cruciate ligament (ACL) is a
knee intraarticular ligament that serves as a
primary static stabilizer of the joint. ACL rupture
is commonly found in sports injuries, with
annual incidence of 35 per 100,000 people.!
This condition has serious consequences for
the injured athlete as well as the generation
population, as there is an increased risk of
premature osteoarthritis, despite being treated.??
Moreover, it has been reported that ACL is the
most common knee ligament injury requiring
surgical reconstruction.3*

There are numerous reasons for ACL
failure.> One of the most prominent factors in
the failure of treatment is patellofemoral joint
dysfunction, which presents with pain around
the knee cap that aggravates with activities and
often results in crepitation, swelling, and joint
stiffness. In our country, where Islam is the
main religion, patellofemoral joint dysfunction
is further emphasized because the associated
pain often limits the knees’ full range of motion
required for praying.

Several efforts have been made to improve
patellofemoraljointfunction: modification oftunnel
placement to improve the knee biomechanics,
reenactment of double bundle reconstruction
to restore the ligament anatomically, and
acceleration of the postoperative rehabilitation
program to provide a tailored timeline for return
to activity. However, methods that have been
proven to improve a patient’s functional outcome
postoperatively are lacking.®

Alteration in knee joint biomechanics
after ACL injury is one of the defining factors
for unsatisfying postoperative outcome. In
ACL-deficient knees, the tibia is endorotated
in relation to the femur. In the standard ACLR
procedure, the tendon graft is further tensioned
in the direction of endorotation, so that the
altered relationship of the tibia and femur is
uncorrected. Excessive tibial endorotation
can lead to malaligment of the patellofemoral
joint and result in patellofemoral joint pain,
which prevents a satisfactory functional
outcome after ACLR. In the present study,
ACLR was modified by moving the direction
of graft tensioning at the tibial fixation from
standard endorotation to exorotation. The
modification of graft tensioning direction was
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expected to correct the functional outcomes
of patellofemoral malalignment and result in
improved patellofemoral functions. This study
is the first to modify graft tensioning direction
for improved functional outcome after ACLR.

METHODS

This study was a randomized double-
blind clinical trial on two parallel groups of
patients with total ACL rupture who underwent
ACLR surgery between December 2014 and
February 2015. The inclusion criteria were male
or female aged less than 40 years old, with total
ACL rupture as indicated by the history of injury,
Lachman test +3 and magnetic resonance imaging
(MRI) showing total rupture; and injury time
between 1 and 12 months. The exclusion criteria
were flexion contracture more than 20°, presence
of anterior knee pain before surgery, presence of
crepitation on patella movement, Q angle >14° in
males and >17° in females, thigh circumference >2
cm, patellar maltracking, muscular dysfunction,
rupture of other ligaments, and presence of
patellar shift or tilt.

Of the 67 subjects who underwent ACLR
surgery during the time frame, 55 subjects
fulfilled the inclusion and exclusion criteria.
However, only 49 subjects gave their consent.
These 49 subjects were randomly allocated into
two groups: the first group (n=25) used a standard
endorotation tension direction, and the second
group (n=24) involved the modified exorotation
tension direction. Throughout the clinical trial, 20
subjects were dropped due to one of the following
reasons: subjects did not return for the required
follow up, failure injointaspiration, subjects opted
for alternative treatment, and presence of repeat
injury. A total of 29 subjects were included in the
study: 16 subjects in the standard endorotation
group and 13 subjects in the modified exorotation
group (Figure 1).

Surgical technique

All patients underwent ACLR via
arthroscopy using ipsilateral hamstring tendon
autograft. In the control group, the tendon graft
was tensioned into endorotation at 45° in relation
to the tibial anterior crest line. The tendon graft
was then fixated to the tibial side using BioScrew®
on the lateral side (Figure 1). In the modified
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Figure 1. Schematic chart of the subjects enrolled in this study

group, tendon graft tension was changed into
exorotation and fixated using BioScrew® on the
medial side (Figure 2). All subjects were sent for
the rehabilitation program following the standard
protocol for 6 months.

Tibial tubercle to trochlear groove (TTTG)
TTTG distance is the lateral distance
between the anterior tibial tubercle and trochlear
groove, and it is expressed in millimeters. The
TTTG distance is measured in an axial T2-
weighted full spin echo MRI: from the midpoint
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of the trochlear groove, projected into a line
connecting two femoral condyles, to the most
anterior point of the tibial tubercle. The TTTG
distance represents tibial rotation in relation to
the femur, which is altered in patients with ACL
injury. The TTTG distance of more than 20 mm is
a predictive factor for patellofemoral joint pain.®
In this study, we measured the distance and
direction of TTTG. If the tibial tubercle was more
medial than the trochlear groove (that is, the tibia
was more endorotated to the femur), then the
TTTG was negative. By contrast, if the tibia was
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Figure 2. Difference in ACLR procedure between the study groups. This method is an intraoperative procedure of a patient with
ruptured ACL of the right knee: (A) In the control group, the hamstring tendon autograft was tensioned in the direction of 45°
endorotation with respect to the anterior tibial crest line. (B) In the experimental group, the graft tensioning direction was
modified into 45° exorotation from the anterior tibial crest line

RIGHT

Figure 3. TTTG distance measurement. In the axial view of knee MRI, TTTG distance was measured from the midpoint of the
trochlear groove, which was projected into a line connecting two femoral condyles (A), to the most anterior point of the tibial
tubercle (B). The distance between two parallel lines is the TTTG distance, which represents tibial rotation in relation to the

femur (C)

more exorotated in relation to the femur, then the
TTTG was positive (Figure 3).

Cartilage oligometric matrix protein (COMP)

COMP is a specific non-collagen
glycoprotein in the cartilage matrix. COMP in
this study was obtained from synovial fluid
and measured using an ELISA kit (Biovendor
RD194080200). The absorbents at each well
were determined using a microplate reader

http://mji.ui.ac.id

set at 450 nm and measured in nanograms per
milliliter. COMP level is a non-collagen biomarker
correlated for cartilage degradation® and thereby
a predictive of knee osteoarthritis.

Functional outcome

The Kujala score is a scoring system
obtained from a questionnaire consisting of 13
questions documenting a patient’s response to
activities related to patellofemoral joint: walking,



running, jumping, walking upstairs, squatting,
and sitting with flexed knee. The maximum Kujala
score is 100, and a high score indicates high
patellofemoral functions.

The TTTG distance, COMP level, and
Kujala score were obtained preoperatively and at
6 months postoperatively. Data were compared
and analyzed using independent t-test or Mann-
Whitney in Statistical Package for the Social
Sciences (SPSS ver. 20) with a significant value
of p<0.05.

The research subjects and their families
were properly informed, and written consent was
obtained. Ethical clearance was obtained from the
Ethical Committee of the Faculty of Medicine of
Universitas Indonesia 758 /UN2.F1/ETIK/2014.

RESULTS

The age range of patients was 19-35
years old (29.40+5.39 in the endorotation group
and 25.80+5.90 in the exorotation group), and
both groups consisted of mostly males. The
most common cause of injury was due to futsal
(48.28%), and the duration of injury was between
6.0 and 7.5 months (Table 1).

Effect of modified graft tension direction on
TTTG

The mean between the two groups was
not significantly different before (p=0.390)
and after the surgery (p=0.113). TTTG after
surgery showed that the exorotation group had
a smaller TTTG value than the endorotation
group, and the difference was statistically
significant (p=0.028) (Table 2).

Effect of modified graft tension direction on
COMP

Significant median differences were
observed between the two groups before
(p=0.013) and after surgery (p=0.007). The
delta change of COMP in the exorotation group
was less than that in the endorotation group
(p<0.001) (Table 3).

Effect of modification graft tension direction
on the Kujala score

Before surgery, no significant mean
differences were observed between the two
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groups (p=0.051). By contrast, the results were
similar after surgery (p=0.454). The change in the
Kujala score between the two groups after surgery
was statistically significant (p=0.015), and the
exorotation group presented a higher Kujala score
than the endorotation group (Table 4).

Unexpected findings and adverse event

Three patients were found to have graft
rupture during follow up due to injury, which
occurred between the fifthand sixth months. These
three patients were excluded from this study.
After 6 months, patellofemoral pain syndrome
(PFPS) were found in three patients belonging
to the endorotation group and one patient in the
exorotation group. PFPS was identified by the
presence of pain or stiffness on prolonged sitting
with the knee flexed (“theater sign”) and pain
during stair climbing or descending. Subjects may
also draw a circle with their fingers around the
patella when asked to localize the pain (“circle
sign”). On the basis of the TTTG values, not all
patients underwent endorotation before the
surgery. These three patients were then included
into the exorotation group, and one of them
showed PFPS after six months.

DISCUSSION

ACL rupture is most commonly caused
by indirect injury that results in the twisting of
the knee toward endorotation. This condition
will cause an alteration in the alignment of
the patellofemoral joint and often results in a
patellofemoral joint dysfunction. Patellofemoral
pain syndrome occurs when pain is present in
the patellar region and worsens on activities
that involve an increase load in patellofemoral
joint such as running, jumping, climbing and
descending stairs, and squatting. Crepitation
is also noted during movements, and the knee
presents limited range of motion. These problems
will undoubtedly prevent patients with ACL
injuries to return to their sporting activities.

ACLR surgery has been proven to restore
anterior knee joint stability; however, problems
in endorotation stability still persist. Majority of
individuals who underwent ACLR are still unable
to return to sports due to the inability of ACLR to
significantly improve endorotation stability. Our
study aimed to solve this problem by modifying
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Table 1. Subject characteristics

Endorotation (n=16)

Exorotation (n=13)

Age (years) 29.445.39 25.8£5.90
Gender
Male 14 12
Female 2 1
Cause of injury
Futsal 9 5
Basketball 3 5
Martial arts 3 1
Soccer 1 1
Kickboxing 0 1
Onset of injury (months) 6.9+2.28 7.2+2.30
Table 2. Effect of modified graft tension direction on TTTG
Tibial tubercle to trochlear grove (TTTG) Endorotation (n=16) Exorotation (n=13) p
Pre-ACLR (mm) -14.8+8.94* -11.8+9.57* 0.390
Post-ACLR (mm) -15.5+10.54* -7.1£15.19* 0.113
Delta change (8) -2.0 ((-20.20)-10.80)* 4.7+8.36 0.028

ACLR=anterior cruciate ligament reconstruction; *negative value represents endorotation, fabnormally distributed data

Table 3. Effect of modified graft tension direction on COMP

Cartilage oligomeric matrix protein (COMP)

Endorotation (n=16)

Pre-ACLR (nm/mL)
Post-ACLR (nm/mL)
Delta change (8)

17177.9 (10298.7-88683.5)
18453.7 (8513.8-58981.4)
1931.75 (-74019-39436.6)

Exorotation (n=13) p
19318.4 (11910-89385.9) 0.475
19386 (10217.8-38212.4) 0.846

-3224.7 (-67163.2-24028.7)  0.475

ACLR=anterior cruciate ligament reconstruction; *negative value represents endorotation, fabnormally distributed data

Table 4. Effect of modification graft tension direction on the Kujala score

Kujala score Endorotation (n=16) Exorotation (n=13) p

Pre-ACLR 69.5 (41-94) 68 (42-88) 0.044
Post-ACLR 91 (71-100) 93 (77-100) 0.475
Delta change (§) 17 (-1-56) 25 (-1-43) 0.476

ACLR=anterior cruciate ligament reconstruction; *negative value represents endorotation, fabnormally distributed data

the graft tension direction to exorotation to
reduce endorotation as compared with the
standard procedure.

Patients with ACL rupture only
experienced pain during the onset of the injury,
but only a small number presented to the
clinic due to inability to engage in high-impact
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activities. The problem lies in the instability of
the knee joint, which is most commonly followed
by movement disturbances. A small percentage
of patients who seek treatment usually prefer
conservative treatments, and those who undergo
ACLR surgery are often unable to return to
normal sporting activities. Our study showed a
higher incidence of ACL rupture in males than in



females, which might be due to the wide range of
sport activities enjoyed by the male population.
Males regularly engage in high-impact sports
activities, such as futsal, basketball, soccer, and
martial arts, whereas females tend to engage in
low-impact sports. High-impact sports activities
increase of ACL injury.*

Futsal was the most common cause
of torn ACL in this study (48.28%). Futsal is
a highly popular sports activity in Indonesia
because of its low cost. A futsal field is relatively
smaller than a soccer field, which translates in
more opportunities for players to engage in
actions that involve a great deal of knee twisting
movements leading to torn ACL. Aside from
futsal, basketball is the second common cause of
torn ACL (27.58%). In basketball, ACL tears are
commonly caused by jumping actions, followed
by landing on twisted knees.*

In this study, TTTG on MRI was used to
measure the rotation of the knee. Camp et al'® and
Pandit et al'! concluded that MRI is highly effective for
TTTG measurements. Saper et al'? analyzed torn ACL
and showed endorotation in ACL-deficient knees;
Shakespeare and Fick®? reported malalignment of the
patellofemoral joint in ACL-deficient knees. The mean
TTTG value before surgery in this study was 13.80
mm. This result was similar with a previous study
by Saper et al*? (12.70 mm). Thus, in ACL-deficient
knees, tibial endorotation occurred with respect
to the femur. Postoperatively, a difference in TTTG
was observed between the two study groups. The
exorotation group showed significantly lower TTTG
(p<0.05) and more tibial exorotation than the control
group. This result demonstrated that modification in
the tensioning direction might restore tibiofemoral
rotation in ACL-deficient knees.

COMP plays a role in the structural
integrity of cartilage via its interaction with other
extracellular matrix proteins such as collagens
and fibronectin. COMP mediates the interaction
of chondrocytes with the cartilage extracellular
matrix through interactions with cell surface
integrin receptors.!* It is also postulated to play
a role in the pathogenesis of osteoarthritis. As a
potent suppressor of apoptosis in both primary
chondrocytes and transformed cells, COMP
may serve as a biological marker for cartilage
damage. It can be detected both in serum and
synovial fluid.*
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Mendias et al'®* measured serum COMP
levels of 18 patients with ACL injury pre-
and postoperatively. The patients showed an
increased level of serum COMP preoperatively,
representing cartilage breakdown as the result
of previous injury. The level of serum COMP
then decreased to its almost normal level
weeks after surgery. In this study, differences
in COMP level changes between the two groups
were noted. In the endorotation group, in
which a current standard procedure of ACL
reconstruction surgery was performed, the
synovial COMP level increased postoperatively.
By contrast, subjects in the exorotation group,
who underwent modification of tensioning
direction in their ACL reconstruction surgery,
demonstrated a decrease in synovial COMP
level postoperatively. These results represented
low cartilage damage and minimal risks for
associated secondary osteoarthritis in the
future for the exorotation group.

Atleast six main causes for patellofemoral
joint pain were noted: cartilage, synovial tissue,
retinaculum, skin, muscle, and nerve. In cases
of ACL injury, the most significant cause is
patellofemoral malalignment, which can lead
to imbalance of the extensor mechanism and
excessive pressure on the patellofemoral joint,
resulting in cartilage damage.!” ACL. does not
only act as anterior restrain of the knee, but it
also plays a role in preventing endorotation of
the knee. Several studies showed that ACLR fails
to correct endorotation instability.!®!%?° Knee
rotational stability in this study was measured
with the TTTG distance, which was not restored
by a standard technique of ACL reconstruction
surgery but improved with our modification in
graft tensioning direction at tibial fixation.

The Kujala score is widely used to
evaluate patellofemoral joint pain.?"?? [t consists
of 13 knee-specific questions, which assess
patient responses to patellofemoral joint-
related disorders, including walking, running,
jumping, stair climbing, squatting, swelling,
and knee stiffness. Harilainen et al?® evaluated
39 patients with ACL injury at two years
postoperatively and found that the Kujala score
was 88 (54-100) points. Our study showed a
similar result with a mean Kujala score of 89.7
points. We also measured the Kujalascore before
and after surgery and examined the changes
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between the two time frames. In this study, both
groups showed an improvement in terms of
the Kujala score. Despite improvements in the
Kujala score in both groups, close inspection
showed that the Kujala score in the exorotation
group was significantly better than that in
the endorotation group (p<0.05). Therefore,
the modification of tension direction in ACLR
surgery will result in enhanced patellofemoral
joint functions after surgery.

In theory, torn ACL will result in the
endorotation of the knee.?* However, in this study,
a number of patients experienced exorotation
after an ACL tear, which was most likely due to
the position of the knee before the injury. On the
basis of this finding, modification of graft tension
direction to exorotation is not recommended if
the knee is previously exorotated before surgery.

The present study had some limitations.
The follow-up time could be prolonged up to two
years to anticipate any delayed onset of anterior
knee pain. With long-term follow up, the subjects
may show signs and symptoms of osteoarthritis
secondary to patellofemoral malalignment.

In conclusion, a new technique of
modified exorotation direction of graft tension
for ACL reconstructive surgery at tibial fixation
showed a significant reduction in tibial internal
rotation and cartilage breakdown. This technique
significantly improved the functional outcome of
patients with total ACL rupture.
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