
Many centers do not use the medial third of the
patellar tendon as a graft for ACL reconstruction
due to the apprehension that there may be post har-
vest maltracking of the patella towards the lateral
side. We undertook a prospective study to evaluate
patellar alignment in 30 patients in whom ACL
reconstruction was done using the medial third of the
patellar tendon. Q-angle assessment was the rough
clinical parameter, and the Merchant view, Laurin
views, and CT scans were used for radiological
assessment. The assessment was done preoperatively
and at six months post surgery, and the contralateral
normal knees were used as controls. We observed no
significant changes in the congruence angle (pre-op
-13.86°, postop -12°) or the lateral patellofemoral
angles in the pre-operative and postoperative knees
as compared to the controls. CT scans were more
sensitive for evaluating the congruence angles, and
picked up an insignificant abnormal lateralisation of
the patella in four cases. None of these patients how-
ever had any postoperative symptoms of misalign-
ment. Although medial third graft harvesting did
have a 13% change in patellar alignment, this was
not statistically significant. Post harvesting local
problems are inherent to the procedure, and are
independent of the site of harvesting, as they were
also seen in cases with no evidence of misalignment.

INTRODUCTION

Reconstruction of the ACL-deficient knee is one
of the most frequent orthopaedic operations done
today because of the increasing involvement in
sports at all ages. The gold standard for surgical
reconstruction today is intra-articular reconstruc-

tion with autogenous grafts. The bone-patellar ten-
don-bone graft is perhaps the strongest of the bio-
logical grafts for this purpose (4, 12) there are some
primary advantages like better strength, ready
availability, ease of fixation with interference
screws (7) and the theoretical advantages of rapid
healing of bone plugs within tibial and femoral tun-
nels (4, 7, 12). However inherent problems are often
seen at the donor site defect, related to the healing
process (14). Although Jones is credited with pio-
neering the use of patellar tendon to replace the
injured ACL, Campbell had apparently advocated
similar procedures in 1930 (8). Campbell has been
credited with the use of the medial one-third of the
patellar tendon in 1936 and the harvesting of the
central one-third was described in 1963 by Jones,
and is presently more widespread (3). The medial
third of the tendon was initially used as the graft (1,

5, 8, 13), but most surgeons now prefer the central
one-third ; this may be partly based on the
unproven belief that use of the medial third has the
potential for patellar maltracking. The use of the
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patellar tendon as a graft can lead to some compli-
cations such as mild flexion contracture, patello-
femoral pain, patellar tendon shortening with ante-
rior knee pain and patella infera syndrome (14).
This is the reason why the hamstrings are now
being preferred by some as graft material. 

In general there is the additional apprehension
that the use of the medial third of the patellar ten-
don may predispose to patellofemoral arthrosis and
changes in the patellar tracking, which might be
responsible for the anterior knee pain and subse-
quent failure in some of these cases. Johnson et al
(6, 7) used the medial third of the patellar tendon ;
with 7 to 9 years follow-up, they noted residual
primary laxity of the ACL graft, arthrosis, sub-
patellar crepitus, decreased mobility of the patella,
patellar tenderness, thigh atrophy and parapatellar
pain, but made no mention of maltracking. On the
other hand, in another study, where the medial one-
third of the patellar tendon was employed, the lat-
eral mobility of the patella was actually found to be
increased (16), and this is perhaps the basis of the
disrepute of this procedure.

It is only recently that some light has been shed
on this issue by a study that utilized ultrasound and
radiological parameters to assess the presence or
absence of misalignment (9).

We have been using the medial third of the patel-
lar tendon as graft for over seven years, with no
apparent increase in patellar maltracking. To prove
or disprove this hypothesis, a prospective study was

done for assessment of the static patellar position in
the early stages of flexion, using clinical and radio-
logical parameters.

MATERIAL AND METHODS

Thirty patients with an ACL-deficient knee, undergo-
ing ACL reconstruction using the medial third of the
patellar tendon, were enrolled in a prospective study
over a 6 months period. ACL deficiency was confirmed
clinically, radiologically (MRI) and by arthroscopy.

The cases were evaluated pre-operatively, immediate-
ly postoperatively, and at six months postoperatively by
studying their patellar alignment and tracking with the
help of clinical examination, conventional radiography
as well as CT scans. The normal knees of the same
patient were used as controls for the study.

The criteria for exclusion from the study included
cases with an already deranged patellar alignment, pres-
ence of significant patellofemoral arthritis or a history of
previous injury to the patella or extensor mechanism.

Clinical examination included the use of the Q-angle
that was measured in all patients in both knees pre-oper-
atively and postoperatively. The Q angle is formed by a
line joining the anterior superior iliac spine to the center
of the patella, and a second line from this point to the
tibial tuberosity. Although this is not a fully reliable and
reproducible measurement, it was taken as a rough clin-
ical guide for patellar alignment in these cases.
Conventional radiographic evaluation was done with
tangential views (Merchant and Laurin views). The
Merchant view was taken with the patient in the supine
position with the knee flexed to 30°-45° with the beam
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Fig. 1A. — Radiograph showing Merchant’s view of a preop-
erative knee, with normal sulcus and congruence angles.

Fig. 1B. — Same case after ACL reconstruction (note medial
graft harvest site and outside in interference screw). There is
insignificant change in the angles.
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directed caudal and inferior 30° from the vertical. The
Sulcus angle was measured between two lines connect-
ing the deepest point of the femoral groove to the highest
point of the femoral condyles. The Congruence angle
was measured as the angle between the line bisecting the
sulcus angle with the line connecting the apex of the sul-
cus to the lowest aspect of the patellar ridge. If the apex
was lateral to the reference line, a positive value was des-
ignated and if medial to it, a negative value was given.

The Laurin view was taken with the patient in a sit-
ting position and the knee flexed to 20°, with the X-ray
beam directed cephalad and superior at an angle of 160°
from the vertical. The lateral patellofemoral angle was
determined by drawing a line across the femoral
condyles and a second line along the lateral facet of the
patella. If the two lines diverged laterally the patellar
position was considered to be within normal limits. If
the two lines were parallel or converged laterally a ten-
dency towards subluxation or dislocation was suspected.

CT scan was done to assess the tracking of the patel-
la in the static mode. Three 5-mm cuts were taken at the
widest portion of the patella with the knee in flexion of
0°, 15° and 30° flexion and the sulcus and congruence
angles were measured in all cuts. Special wooden
frames with fixed angles of 15° and 30° which would
support the leg during CT, were constructed in order to
get the same degree of knee flexion in all cases, so as to
ensure reproducibility of the scans. The reduction in
number of cuts helped in reducing the amount of radia-
tion exposure.

All the patients were reviewed again after a period of
6 months following surgery when the special views and
CT scan were repeated and the same parameters
reassessed. All initial investigations were done one week
pre-operative, and 6 months post-operative values were
assessed to see if there was any change on radiograph or
CT in the patellar alignment after harvesting the medial
third of the patellar tendon. Descriptive statistical analy-
sis of the collected data was performed. Data was
expressed as mean ± standard deviation and comparison
was carried out using t-test and paired t-tests.

RESULTS

There were 26 males and 4 females with the
average age at surgery of 26.9 years. (range 17 to
45 years). Both sides were affected equally
(15 cases each).

The average Q-angle on the operated side pre-
operatively was 14.32 ± 1.67° and postoperatively

was 14.87 ± 1.55°. In eight of the 30 postoperative
knees, a difference in Q-angle in comparison to the
control knees was noticed. There was an average
increase of 1.83° in the postoperative Q-angle of
6 knees in comparison to preoperative values,
while in 2 knees it was found to have decreased.
This however, was statistically insignificant (p =
1.710). A similar change in value was also noticed
in controls, which was attributed to observer error
(table I).

None of the operated knees showed any tenden-
cy for lateral subluxation as evaluated by the
Merchant view. All of them had a negative value of
the congruence angle (normal range -24° to -5°).
The average preoperative congruence angle of
affected knees was -13.86 ± 6.70° and the post-
operative congruence angle was -12.10 ± 7.07°.
Although a slight average change was seen towards
the positive side, indicating a mild displacement,
the change was not significant (p = 0.832). The
change in the angle was not always towards one
side, and this discordance was perhaps a reflection
of the observer error in assessing these radio-
graphs. Even in the control knees, we found a sim-
ilar change in the congruence angle on radiographs,
which was again attributed to observer error. Thus
no gross difference in the congruence angle
measured on Merchant view in the pre and post-
operative knees was observed (table II).
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Table I. — Q-angle (average)

Operated Control

Pre-operative 14.32 ± 1.67° 14.50 ± 1.74°
Postoperative 14.87 ± 1.55° 14.80 ± 1.45°

Average values of preoperative and postoperative Q angle
measurements in operated and control knees.

Table II. — Merchant’s view – congruence angle

Operated Control

Pre-operative -13.86 ± 6.70° 11.95 ± 5.43°
Postoperative -12.10 ± 7.07° 10.83 ± 7.23°

Average values of pre-operative and postoperative measure-
ments of congruence angle, in radiographs, in both operated
and control knees.
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The lateral patellofemoral angle as measured in
Laurin’s view (expressed as normal or abnormal
value) was found to be normal in all pre-operative
and postoperative knees as well as in the controls.
This indicated that there was no lateral tilt in any of
the knees, either before or after surgery. 

The congruence angles measured with CT scan
in axial cuts of the knee in full extension showed a
positive value in both controls and affected side in
pre- as well as postoperative films. The average
pre- and postcongruence angles of controls in this
position are given in table III. The similar values
for the operated knees were also changed, and such
changes in the measurements were statistically
insignificant (p - 0.839, p - 0.251) respectively. 

The congruence angles in controls measured at
15°and 30° of knee flexion showed a minor change
in average pre- and postoperative value (table III).

Similar values for the operated cases were -8.14 ±
7.70° and -8.67 ± 7.85° respectively at 15° flexion
and -9.77 ± 6.14° and -7.43 ± 7.29° at 30° flexion.
These changes in congruence angle were also not
significant statistically. Although there was a dis-
cordance in the congruence angle measurement in
these cases, which was not significant. We found
four cases out of the 30 evaluated (all 4 on the left
side) showing an abnormal lateralisation of the
patella in postoperative films which was considered
important ; however this could not be correlated to
any symptoms. The pre- and postoperative congru-
ence angles of these four cases at 15° were found to
be changed by an average of 12°, and by an aver-
age of 19° when measured at 30° flexion, sugges-
tive of lateralisation of the patellae.

DISCUSSION

Complications and problems related to the donor
site defect and its healing process are one of the
major reasons why the use of the Bone-Patellar-
Bone graft for ACL reconstruction is falling into
some disrepute. Complications include patella frac-
ture, patellar tendon avulsion, patella infera and
potentially medial or lateral subluxation of the
patella.

Harvesting of the medial third of the patellar ten-
don was done with some theoretical advantages in
mind (Hertel P, personal communication). There is
the need for only one cut in the tendon, the attach-
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Fig. 2A. — Preoperative radiograph (Laurin’s view) showing
normal patellofemoral angle.

Fig. 2B. — Same case, 6 months postoperative, showing no
change in the lateral patellofemoral angle.

Table III. — CT scan measurements

Congruence angle Operated Control

Pre-operative (Angle 0°) 23.50 ± 9.72 22.77 ± 11.76
Postoperative (Angle 0°) 19.53 ± 12.71 21.27 ± 13.65
Pre-operative (Angle 15°) -8.14 ± 7.70 -10.19 ± 5.40
Postoperative (Angle 15°) -8.67 ± 7.85 -9.47 ± 6.64°
Pre-operative (Angle 30°) -9.77 ± 6.14 -10.27 ± 5.65°
Postoperative (Angle 30°) -7.43 ± 7.89 -7.37 ± 5.42°

Mean values of pre-operative and postoperative measure-
ments of congruence angle, in CT scans, in both operated and
control knees, at 0°, 15° and 30° of flexion respectively.
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ment of the tendon on the patella is curved and
when this end is used as the anterior distal edge of
the reconstructed graft, it may reproduce some of
the original ACL’s attachment. The incision can be
deepened fairly easily through the capsule and syn-
ovium to convert the procedure to a “mini-arthroto-
my” if there are technical problems with a purely
arthroscopic ACL reconstruction, without signifi-
cantly compromising knee stability or postopera-
tive rehabilitation. However a justifiable apprehen-
sion seems to be the fact that with medial third har-
vesting, the potential for lateral subluxation may
exist. This would lead to patellofemoral pain and
misalignment, with the potential for late degenera-
tion. 

Until 2001, the literature had no clear study
which had analysed this after the use of the medial
third of the PT, although some authors had demon-
strated alignment alterations after ACL reconstruc-
tion itself (10), and some had studied these alter-
ations after central third tendon harvesting. Our
study was a preliminary attempt to try and formu-
late a fairly reproducible method of pre and post-
operative patellar alignment assessment with CT
scans. Although Q angles were measured in this
study, their reproducibility is very doubtful, and
these were used as a rough clinical guide. 

The healing process of the donor defect has been
extensively studied, with investigators using ultra-
sound and MRI to demonstrate the tendon hyper-
trophy and healing with scar tissue (9). However no
major investigation has been done to examine the
patellar alignment after graft harvesting. In a series
studying the patellar alignment after central third
PT harvesting, a 4.7° change in Merchant’s angle
was found at 2-year follow up by Muellner et
al (10). The only study examining the change after
medial third PT harvesting was by Moebius et
al (9), who used US to assess PT thickness and
width, and tangential radiographs at 30° to see for
misalignment. An added aspect to this study was
the evaluation of two subsets of patients, with fol-
low-up periods of less than 30 months and those
with follow-up more than 30 months, to see for
short term and long term changes. They concluded
that the tendon area healed adequately, with a final
cross section area of 95% of the contralateral limb ;

no significant lateral shift was noted, although
there was a slight non-significant lateral displace-
ment. This was in contrast to the medial displace-
ment observed by some authors after use of the
central third PT for grafting.

The inaccuracy of radiological assessment of the
patellar position is reflected in many facts.
Conventional radiographic methods for measuring
patellofemoral alignment employ tangential radi-
ographs, which require some element of knee flex-
ion, and may not take into account hip rotations.
CT scans are an additional and more accurate
methodology which allows the measurement of the
patellar alignment in full extension, when the stabi-
lizing function of the lateral femoral condyle is
diminished as the patella disengages from the
patellofemoral groove (6). This is thought to be a
better reflection of the medial soft tissue integrity
and better displays subluxation, as well as allows
reliable consistency with positioning of the leg in
specified angles (8). We thus used CT scans in addi-
tion to conventional radiographs in an attempt to
increase accuracy as well as to include the align-
ment in full extension. 

This small study shows clearly that no major
changes occur after the harvesting of the medial
third of the patellar tendon for grafting the ACL.
The premise that there is a potential for lateral tilt
or shift of the patella is thus unjustified. Changes in
the patellar height and congruence angle are per-
haps similar to those seen after harvesting the
medial third, which could be explained by other
factors. Previous reports have highlighted the fact
that any procedure around the patellar tendon, even
without harvesting it, can cause length changes (9,

14).
There are certain inherent lacunae in this study.

Firstly the number of cases is small, but we feel
that this preliminary work opens up avenues for
future research, with studies on a larger scale
designed to correlate radiographs, CT scans, cine
radiology and even dynamic MRIs where available.
Static measurements with the quads relaxed and
with muscle contracted could have potentially dif-
ferent values. A second part of this study will be to
analyse these same cases after an additional two
years of follow-up to see for late changes in align-
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ment. Moebius et al (9) have found different values
in cases examined before and after 30 months of
follow-up. Merchant’s congruence angle values

were very variable in the initial stages, with some-
what more increased values in cases with shorter
follow-up, and seemed to decrease to non-signifi-
cant levels in cases with follow-up of more than
three months.

Harvesting of the medial third of the patellar
tendon is performed without injuring the medial
patellofemoral ligament, the patellomeniscal liga-
ment or the medial retinacular fibers. These pro-
vide more than 75% of the restraining forces that
prevent lateral patellar displacement. The mild lat-
eral displacement observed in some cases with
short follow up by Moebius et al (9) may be due to
the defect in the scar tissue in the early phases ;
with scar consolidation, the balance between medi-
al and lateral structures is restored. Another factor
may be the medial quadriceps strength, which is
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Fig. 3A. — CT scan of the same patient, 6 months postopera-
tive, in full extension. Note the abnormal congruence angle in
this position.
Fig. 3B. — Same knee in 15o flexion showing normal congru-
ence angle.
Fig. 3C. — The congruence angle remains unchanged in fur-
ther flexion to 30o.
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restored later after adequate rehabilitation proto-
cols have been employed, and this may be impor-
tant for stabilising the patella medially.

In conclusion, our preliminary work indicates
that there is no significant lateral subluxation of the
patella after harvesting the medial third of the ten-
don ; the problems are the same which are inherent
in harvesting the middle third of the tendon, and
both procedures are comparable. However more
accurate and reproducible methods for the align-
ment assessment need to be developed, and this
attempt by using a cheap device to ensure repro-
ducibility on CT scan assessment is the first step in
that direction. Another point of note is that the
assessment needs to be done serially as late as 1-
2 years after the procedure to assess the effect of
muscle development on patellar positioning, and
perhaps more advanced dynamic studies using both
cine MRIs and other devices may be the option of
the future.
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