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Abstract

Patients and methods Forty consecutive patients
(21 females and 19 males) in a single centre underwent 50
tibial tubercle advancement osteotomy procedures for
patellofemoral arthritis between January 1993 and April
2007. Twenty knees with patellar maltracking also under-
went medialisation of the tibial tubercle (6—12 mm) in
addition to the standard 10-15 mm elevation. Femoral
head bone allograft blocks were utilised in all cases, and all
patients achieved bony union without further surgery.
Forty-five knees had previously undergone arthroscopy, 18
with arthroscopic lateral releases.

Results Ninety-four percentage of knees had sustained
improvement in visual analogue pain scores (mean
improvement of 37.4, P < (0.05) at a mean follow-up of
81 months (range 26—195 months), with 96% of patients
still satisfied; and 92% of knees had sustained improve-
ment in Shelbourne and Trumper anterior knee function
scores (mean improvement of 39.8, P < (0.05). Overall
clinical outcomes were rated excellent/good in 77%, fair
in 35% and poor in 8% of knees. Two knees required
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arthroplasty surgery over the follow-up period (at 18 months
and 8 years), and their anterior knee pain and function
scores were not included in the analyses. Six knees (12%)
suffered major complications: 1 temporary common pero-
neal neuropraxia; 2 intraoperative tibial metaphyseal frac-
tures; and 3 tibial tuberosity fractures (at 8 days, 3 weeks
and 3 months). Four knees (8%) suffered superficial wound
infections, 31 knees had some numbness around the
midline scar, 7 knees had scar pain lasting up to 12 months,
and 22 knees (44%) experienced some discomfort relat-
ing to the metalwork, which was removed in all these
cases.

Conclusions Tibial tubercle advancement osteotomy can
be an effective treatment for anterior knee pain and for
patients with arthroscopic evidence of patellar chondral
damage. It can provide excellent/good long-term func-
tional results in the majority of patients, with very high
satisfaction levels and sustained improvement in pain
symptoms. The use of femoral head bone allograft is
both effective in obtaining bony union and by definition
avoids the donor-site morbidity. Knees with patellar
malalignment may also undergo individualised mediali-
sation of the tibial tubercle such that the patella lies in
the centre of the femoral trochlea, and may benefit from
lateral trochleaplasty surgery in the presence of trochlear
dysplasia. However, the major operative complication
rate is high at 12%, and fracture of the tibial tubercle is
associated with a poorer outcome. One can expect 10%
of operated knees to have had some clinical deteriora-
tion in the patellofemoral joint by a mean follow-up of
93 months.
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Introduction

The optimum treatment for anterior knee pain associated
with patellofemoral arthritis remains controversial, and
various surgical options have been proposed when there is a
failure of conservative management. Amongst these is the
displacement osteotomy of the tibial tuberosity, which was
first conceived in the nineteenth century in an attempt to
alter patellar tracking. Medial displacing single plane
tubercle transfers, such as the Elmslie-Trillat procedure,
decreased the Q angle. The Maquet osteotomy, first
described in 1976 as a treatment for chondromalacia
patellae and patellofemoral osteoarthritis, elevated the tibial
tubercle 20 mm in a single plane. This advanced the patellar
tendon insertion, increasing the lever arm of the extensor
mechanism, and reduced the forces acting across the
patellofemoral joint [1]; an elevation of 10-15 mm was
subsequently shown to be the optimum advancement to
reduce the patellofemoral contact stresses [2—4]. Though
attaining satisfactory clinical results with improvements in
function and pain relief in 65.5-85% of patients [5-8], the
Magquet osteotomy was associated with major complications
and up to 40% of patients were reported to have problems
with delayed wound healing, tibial tubercle and proximal
tibial fractures and non-union at the osteotomy sites [9—12].
The Fulkerson osteotomy, a multiplane anteromedialising
modification of the Elmslie-Trillat procedure, also elevated
the tibial tubercle up to 15 mm, decreasing the lateral facet
contact pressures as well as realigning the joint, without the
need for bone graft [13-15]. Though obtaining good/
excellent short-term clinical results in 60-93% of patients
[14, 16] and with improved wound healing compared with
the Maquet procedure, non-union, loss of fixation and tibial
fractures still occurred [17-22], and this sliding osteotomy
suffered from the loss of ability to adjust each of the single
planes alone, once made. Adaptations to the Maquet oste-
otomy that have combined tibial tubercle medialisation and
elevation have also been reported to reduce patellofemoral
contact pressures and improve patellar tracking; these have
been reported to have lower complication rates and up to
84% overall subjective improvement in symptoms [23].
This paper retrospectively reviews the outcomes of 50
consecutive tibial tubercle advancement osteotomies, 20
with additional tibial tubercle medialisation and 5 with
additional lateral femoral trochleaplasties, performed on 40
patients by a single surgeon over a fourteen-year period,
with a mean follow-up of 81 months (26—195 months).

Patients

Forty consecutive patients (21 females and 19 males), with
a mean age of 29 years (range 17-51 years), and a mean
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body mass index of 27 (range 20-35), underwent 50
(23 right- and 27 left-sided) tibial tubercle advancement
osteotomy procedures performed by the senior author
between January 1993 and April 2007. The indication for
surgery was symptomatic patellofemoral arthritis in all 50
knees, and 14 knees also had a history of recurrent habitual
patella dislocation. No patient had any history of patellar
fracture. The degree of patellofemoral chondral damage
was scored intraoperatively according to the Outerbridge
classification. The mean Outerbridge score was 3.44, and all
knees had chondral damage to the lateral patellar facet and
distal patella. The medial patellar facet was affected to a
lesser extent with mean Outerbridge scores of 1.72. There
was no significant difference in either the distribution or the
degree of chondral damage between those patients with or
without patellar maltracking/dislocation (Maltracking
knees: lateral facet 11 grade 3,9 grade 4; medial facet 9 grade
1, 8 grade 2, 3 grade 3; distal patella 15 grade 2, 5 grade 3.
Non-maltracking knees: lateral facet 17 grade 3, 13 grade 4;
medial facet 11 grade 1, 17 grade 2, 1 grade 3, 1 grade 4;
distal patella 11 grade 1, 17 grade 2, 1 grade 3, 1 grade 4).
Standard knee radiographs included standing AP, standing
lateral at 30° and Merchant views. No patient had significant
radiographic degenerative changes.

Twenty knees (including all 14 patients with previous
patella dislocation) required concomitant medialisation of
the tibial tubercle in addition to the tubercle advancement
to restore normal patellar tracking; lateral trochlea eleva-
tion osteotomies were also performed in 5 of these 20
knees to help restore patellofemoral stability where there
was trochlear dysplasia. The five patients undergoing lat-
eral trochlea elevation had a mean sulcus angle of 152°
(SD = 3.3) and a mean congruence angle of 6° (SD =
1.26). Forty-five knees had undergone previous arthros-
copy, 18 with arthroscopic lateral releases.

Patient case-notes were reviewed and all patients
returned a postal questionnaire evaluating their clinical
outcomes at a mean of 81 months (range 26—195 months)
following surgery. The study conformed to the ethical
standards of the institution, and informed consent for par-
ticipation in the study was obtained from each patient.

Visual analogue scales were used to assess overall
patient satisfaction and knee pain both pre- and post-
operatively. A score of O indicated the patient being very
dissatisfied, 100 indicated very satisfied and 50 indicated
neither dissatisfaction nor satisfaction. Patients were asked
to specify post-operative complications as well as any
further intervention that was subsequently made at any
Institution. The Shelbourne and Trumper score was used to
assess knee function [24]. Though not formally validated,
this scoring system specifically examines anterior knee
pain symptoms and is suitable for a postal questionnaire.
It was originally designed to assess anterior knee pain
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symptoms following anterior cruciate ligament recon-
struction [24] and is based on five exacerbating functional
activities including strenuous work/sports, stair-climbing,
prolonged sitting, normal daily activities and kneeling.
Each activity is scored out of twenty creating a maximum
score of one hundred (indicating minimal or no symptoms).
Surgical outcome is rated as poor if no improvement
is observed, an improvement of 1-19 points is rated
fair, 2049 points is rated good, and 50+ is rated as
excellent.

Statistical analysis of the data was performed using
Microsoft Excel software. Parametric data were analysed
using a two-tailed paired ¢ test at 5% significance levels.
Power analysis revealed that a minimum sample size of
19 patients was required to detect a difference in mean
anterior knee pain score of twenty with a standard devia-
tion of twenty-five (alpha = 0.05, beta = 0.2) [25].

Surgical procedure

All surgery was performed under general anaesthesia with
antibiotic prophylaxis. A thigh tourniquet was inflated with
the knee flexed after exsanguination with an Esmarch
bandage. A midline incision was made from the superior
pole of the patella, extending ten centimetres below the
tibial tuberosity. Medial and lateral patellar retinacular
releases were performed from the superior pole of the
patella to the level of the osteotomy. The infrapatellar fat
pad was dissected free from the patellar ligament to allow
for adequate mobilisation (Fig. 1a, b).

An osteotomy was made using a microsagittal saw from
the medial and lateral sides of the tuberosity and was
extended distally for ten centimetres, leaving the distal
bony pedicle intact. Two 3.2-mm drill holes were made at
the medial and lateral aspects of the distal attachment of
the bone shingle to allow elevation without propagating a
cortical fracture distally in the tibia. The tuberosity was
slowly elevated over a period of 4-5 min using an osteo-
tome to a height of 10-15 mm whilst maintaining an intact
periosteal sleeve. A pyramidal block of allograft femoral
head was fashioned and wedged beneath the elevated
tubercle, maintaining its position.

Flexion of the knee allowed for an assessment of the
patellar tracking to be made. If maltracking was identified,
the tuberosity was medialised 6-12 mm to restore the
position of the patella to the centre of the femoral trochlea.
The tuberosity and bone graft were then overdrilled with a
4.5-mm drill and then drilled using a 3.2-mm drill, with
countersinking of the cortex. After tapping, a 4.5-mm
cortical screw was passed, engaging the posterior tibial
cortex (Fig. 2a, b). Screw fixation was not employed in the
first six osteotomies in the series, but was subsequently

Fig. 1 Intraoperative photographs demonstrating the medial and
lateral patellar retinacular release extending from the superior pole of
the patella to the level of the osteotomy, and the infrapatellar fat pad
was dissected free from the patellar ligament allowing for adequate
mobilisation

used in all cases. Wounds were closed in layers with a
drain placed in the knee joint.

Intravenous antibiotics were continued for 24 h post-
operatively, and drains were removed on the morning
following surgery. Patients were mobilised fully weight
bearing as tolerated and discharged on the first post-oper-
ative day. Straight-leg splints were worn for 4 weeks, and
gradual mobilisation of the knee commenced after 4 weeks
with the aid of a physiotherapist.

Results

Forty-five of 48 operated knees (94%) had improved pain
scores, with mean visual analogue scores improving from
79.0 pre-operatively (CI 73.9-84.1) to 41.6 at a latest mean
follow-up of 81 (range 26—195) months following surgery
(CI 34.6-48.6, P = 0.01); three knees had had no long-term
improvement in pain symptoms and one of these had grad-
ually worsened from 3 months post-operatively (Table 1).
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Fig. 2 Intraoperative photographs demonstrating the completed tibial
tubercle advancement osteotomy, following the shingle elevation with
pyramidal segments of femoral head bone allograft in situ and fixation
with a single 4.5-mm cortical screw

Shelbourne and Trumper function scores improved from a
mean pre-operative score of 36.7 (C129.6-43.8) to 76.5 (CI
69.0-84.1, P = 0.01) at 81 months. Forty-four of 48 knees
(92%) had a function score improvement and 4 (6%) had had
a score deterioration by 81 months (3 of these knees had
suffered peri-operative tibial tubercle fractures, and 1 other
patient had gradually worsening patellofemoral pain,
undergoing knee arthroscopy and synovectomy at 2 and
4 years). The overall clinical outcomes were thus described
as excellent in 20 knees (42%), good in 17 knees (35%), fair
in 7 knees (15%) and poor in 4 knees (8%).

The two remaining knees had required arthroplasty
surgery over the intervening period, and their anterior knee
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pain and function scores were thus not included in these
final analyses. One of these patients, a 39-year-old woman,
had had no initial improvement in pain following tubercle
transfer surgery and underwent patellofemoral replacement
for arthritis 18 months later (she now reports a 30-point
improvement following her arthroplasty surgery); a second
40-year-old male patient had total knee replacement sur-
gery after 8 years for progressive knee arthritis, despite
having initially had a 48-point improvement in anterior
knee pain.

Mean patient satisfaction scores were 79.2 (CI
72.3-86.2). Two cases had satisfaction scores of less than
50; one of these had suffered a tibial tubercle fracture post-
operatively which required subsequent operative fixation,
and the second had failed to have any symptom improve-
ment following surgery. The two arthroplasty patients reg-
istered satisfaction scores of 75 and 78. There were no
significant differences in the functional outcomes, pain or
satisfaction scores between those patients undergoing tibial
tubercle advancement alone and those having combined
medialisation and/or trochleaplasty procedures. Similarly,
no correlations were found between those patients with
worse pre-operative pain or function scores doing either less
well or better than those with lesser prior symptoms. Patient
body mass index at the time of surgery, their professions/
sporting hobbies and the severity of chondromalacia had no
significant impact on their clinical outcomes; females had
slightly better pain and function scores following surgery,
though this only approached significance P = 0.17.

Six cases (12%) encountered major complications; two
occurring intraoperatively, three occurring early in the
post-operative period and one after 6 months. All these 6
patients had only advancements of the tibial tubercle. One
patient developed a post-operative neuropraxia of the
common peroneal nerve resolving after 5 weeks and at
latest follow-up 55 months post-operatively had a satis-
faction score of 74 and a 26-point improvement in anterior
knee pain. One knee operated early in the series had an
osteotomy without screw fixation, which then fractured
8 days later; this required open reduction and internal fix-
ation using three 3.5-mm screws and subsequently healed.
Two knees sustained fractures of the tibial tuberosity fol-
lowing screw fixation; both fractured at the level of the
screw, one three weeks post-operatively and the second
after 3 months. Neither had disruption of the extensor
mechanism and both fractures healed with conservative
treatment. Peri-operative tibial tubercle fracture was asso-
ciated with a poorer functional knee score at latest follow-
up. These 3 knees had a mean decrease of 24 points from
pre-operative values at a mean follow-up of 94 months
(79-108 months). Furthermore, one of these patients also
developed a patellar tendonitis that required a subsequent
open decompression. Two further patients sustained
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intraoperative undisplaced proximal metaphyseal tibial
fractures at the level of the screw fixation, both of which
healed in a straight-leg splint. Thus, 5 knees (10%) suffered
peri-operative tibial fractures.

Four knees (8%) suffered superficial wound infections,
all of which resolved with oral antibiotics, 31 knees had
some numbness around the midline scar, and 7 knees had
scar pain lasting up to 12 months. Twenty-two knees
(44%) experienced some longer-term pain in relation to the
screw, and all had subsequent screw removal. One patient
developed medial compartment arthritis and underwent a
high tibial osteotomy 4 years post-operatively without
complication. No cases of delayed or non-union of the
tibial tuberosity osteotomies were observed, and there were
no post-operative patellar dislocations.

Discussion

Thirty-seven of 48 knees in our series (77%) had good/
excellent outcomes at a mean follow-up of 81 months. This
is comparable to the 65.5% good/excellent three-year
outcomes seen in a series of 29 consecutive tibial tubercle
advancement osteotomies for anterior knee pain [5], the
72.5% good/excellent results seen in 80 tibial tubercle
relocation procedures for patellar instability or patellofe-
moral pain and maltracking at a median of 6.2 years fol-
low-up [26], the 86% good/excellent results in a series of
21 knees undergoing Fulkerson osteotomies for chronic
patellofemoral malalignment at a mean of 28 months [27]
and the 70% satisfactory results seen at a mean of
30 months in a series of 22 patients undergoing Fulkerson
osteotomies for patellofemoral pain and malalignment [16].
Forty-five of 48 knees (92%) in our series also had sus-
tained improvement in pain symptoms at 81 months post-
operatively, and 48 knees (96%) had overall satisfaction
scores of fifty or more. These results also compare
favourably with those of a series of patients undergoing
combined tubercle advancement and medialisation who
had an 84% overall subjective improvement in symptoms
after a mean of 7 years [23].

Forty-two of 45 (93%) arthroscoped knees in our series
had prior evidence of patellar chondral damage, which
might help explain the significant symptom improvement
in 92% of our patients following a reduction in the forces
acting across the patellofemoral joint [1]. A previous
reported series of Maquet procedures also saw high levels
of symptom improvement in those patients with higher
Outerbridge grades of chondral damage [28], and a second
series of 35 knees with patellofemoral osteoarthritis found
that 80% had very good/good long-term results [7].

The decision to combine a medialisation procedure with
the tibial tubercle advancement was made based on both the

patient history of patella instability and the intraoperative
assessment of the patellar tracking. Using this methodology,
no patient suffered recurrent patella instability and the two
patient groups had indistinguishable good symptom and
functional improvement. We did not perform routine pre-
operative CT analyses or employ intraoperative patellar
tracking methods such as femoral nerve stimulation to cal-
culate tubercle transfer distances; these techniques do not
appear to be necessary to achieve good clinical outcomes,
with reported series achieving 97% [29] and 86% [30] post-
operative patellar stability, respectively.

As has been similarly reported [5], the development of
major surgical complications was associated with poorer
outcomes in our patients. Of the 4 patients with poor out-
comes, 3 had suffered peri-operative tibial tubercle frac-
tures leading to an inevitable hindrance in their
rehabilitation, and their latest functional knee scores at a
mean of 94 months (79-108 months) had worsened by a
mean of 24 points.

Though a 10% tibial fracture rate may appear high, two
of these 5 knees were noted to have undisplaced meta-
physeal fractures on post-operative radiographs and suf-
fered no post-operative sequelae; both patients followed
the normal post-operative protocol. The remaining 3 tibial
tuberosity fractures, representing 6% of our cases, each
occurred during the post-operative period, two very early
(at 8 days and 3 weeks) and one at 3 months, in line with
published rates of 2.6-5% of cases [18, 29]. Though there
have been reports of delayed tibial fracture occurring after
anteromedial osteotomies [31], we encountered no such
problem in our 20 anteromedialised knees.

Following surgery, two knees in our series (4%) suffered
a subsequent deterioration in patellofemoral osteoarthritis.
One of these patients required patellofemoral arthroplasty
surgery 18 months post-operatively, and the second knee
had 2 knee arthroscopic synovectomies at 2 and 4 years.
Two (4%) further knees developed progressive osteoar-
thritis in the medial knee compartment, one of which then
underwent total knee replacement and the other a high
tibial osteotomy.

Thus, an overall 5 of the 48 knees in this series (10.4%)
suffered some form of clinical deterioration (either func-
tional deterioration or worsening pain) in their patellofe-
moral joint at latest follow-up (which in these patients was
at a mean of 93 months (79-108 months)); this is compa-
rable to the 13% seen in a series of 29 Maquet osteotomy
patients at 6 years [5] and to the 14% seen in 25 Fulkerson
osteotomies at 30 months post-operatively [16], though
greater than that of a reported 5-year review of 12 patients
with Fulkerson osteotomies, in whom the quality of
improvement was sustained [14].

Despite wound breakdown over the elevated tubercles
having been frequently reported [9—12, 32], this did not
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occur in any of our patients despite our use of the standard
midline incision, and only four knees (8%) had superficial
wound infections all of which settled with oral antibiotics.
A recent series of 42 consecutive Maquet osteotomies
performed through an anterolateral incision, with the
preservation of the local blood supply and lymphatics, also
suffered no single wound complication [32]. Additionally,
the commonly reported bone graft donor-site pain, which
occurs in 21.9% of patients having bone graft harvesting
from the iliac crest [33], was avoided through our use of
femoral head allograft. No patient suffered a delayed or
non-union of their osteotomy site, which is also in line with
findings from a comparative study of 64 patients under-
going tibial tubercle elevation which showed no difference
in the clinical efficacy between autograft and allograft bone
and found that those patients receiving bone allograft had
significantly shorter hospital stays [34]. Twenty-two knees
(44%) suffered discomfort in relation to the fixation screw
and required removal of this metalwork. This is a common
finding in patients having tibial tubercle surgery [16].

In conclusion, tibial tubercle advancement osteotomy is
an effective treatment for anterior knee pain and for patients
with arthroscopic evidence of patellar chondral damage. It
can provide excellent/good long-term functional results in
the majority of patients, with very high satisfaction levels
and sustained improvement in pain symptoms. The use of
femoral head bone allograft is both effective in obtaining
bony union and by definition avoids the donor-site mor-
bidity. Knees with patellar malalignment may benefit from
an individualised medialisation of the tibial tubercle such
that the patella lies in the centre of the femoral trochlea, as
well as from a lateral trochleaplasty in the presence of
trochlear dysplasia. This approach may reduce the chance of
recurrent patellar instability, as was seen in this series.
However, the major operative complication rate is high at
12%, and fracture of the tibial tubercle is associated with a
poorer outcome. One can expect around 10% of operated
knees to have had some clinical deterioration in the patel-
lofemoral joint by a mean follow-up of 93 months.
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