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Clinical Improvement Is Achieved Following Tibial
Tubercle Distomedialization for Patellar Maltracking

and Patella Alta Without Instability

Tarik Bayoumi, M.D., Dennis C. van Duijvenbode, M.D., Joyce L. Benner, Ph.D.,

Kirsten D. S. Boerma-Argelo, Michel H. J. Stavenuiter, M.D., and Jelle P. van der List, M.D.
Purpose: To determine short-term patient-reported outcomes following distomedial tibial tubercle transfer (TTT) in
patients with patellar maltracking and patella alta without instability. Methods: A single-surgeon case series study was
performed on patients receiving distomedial TTT for the indication of patellar maltracking and patella alta without
instability, after nonresponse to conservative treatment. Patient-reported outcomes were assessed preoperatively and at
3-, 6-, 12-, and 24-month follow-up using Kujala, Knee injury and Osteoarthritis Outcome Score (KOOS), and visual
analog scale (VAS) pain scores. Generalized estimating equations analyses were performed to study improvement over
time. Minimal clinically important differences obtained from literature were used to determine clinical relevance.
Results: A total of 40 patients were included. Eight patients were lost to follow-up; thus, outcomes of 32 patients were
analyzed. Mean follow-up was 22 months, median age was 21 years, and 75% were female. Mean Kujala score increased
pre- to postoperatively from 55 � 12 to 79 � 16 (P < .001), KOOS from 48 � 14 to 79 � 15 (P < .001), and VAS from 64 �
17 to 25 � 21 (P < .001), respectively. Eighty-four percent had clinical improvement of Kujala score, 91% of KOOS, and
78% of VAS score. A plateau phase in pain reduction was reached at 3 months, and in functional improvement at 6
months follow-up, after which no further significant improvement was observed. Complication rate was 3% and removal
of hardware rate was 72%. Conclusions: In this case series study, distomedial TTT led to clinically relevant functional
improvement and pain reduction in patients with patellar maltracking and patella alta without instability. However, the
removal of hardware rate was high (72%). Level of Evidence: Level IV, therapeutic case series.
nterior knee pain with related patellar maltrack-
Aing is a common knee complaint, especially at
younger age.1,2 The relation between anterior knee
pain and patellar maltracking is much debated and is
likely to be multifactorial.3-5 Patella alta refers to a
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high-riding patella and is often associated with patellar
maltracking and subsequent anterior knee pain.3,4,6,7

The greater position of the patella in relation to the
femoral trochlea is theorized to result in reduced
osseous stability and lateral patellar tracking, as
engagement with the trochlear groove occurs only at a
greater knee flexion angle.2,6 Subsequently, patellar
maltracking may lead to reduced patellar contact area
during flexion, resulting in increased patellofemoral
peak stress, pain during knee motion, and patellofe-
moral cartilage damage.8,9 In addition, patellar mal-
tracking is believed to predispose to patellar subluxation
and complete patellar dislocation.10

After nonresponse to conservative treatment, surgical
management can be considered for patients with
patellar maltracking with patella alta.5 Tibial tubercle
transfer (TTT) is a distal realignment procedure per-
formed to improve patellar tracking and can be indi-
vidualized based on the patient-specific anatomic
variances.11,12 Hence, many variations of TTT have
been described in the literature.5 For patients with pa-
tella alta, a distomedialization of the tibial tubercle aims
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to correct patellar tracking by transferring the tibial
tubercle in distal and medial direction.13 Distomedial
transfer distance in this procedure is based on correc-
tion of patellar height and tibial tubercleetrochlear
groove (TT-TG) distance.5,14 TTT has been shown to
be effective in the management of patella alta with
recurrent dislocation but has not been studied exten-
sively as treatment for patellar maltracking and patella
alta without instability.15 A recent systematic review
assessed all studies performing TTT for management of
patellar maltracking without instability and found
promising results in these patients.16 However, only a
few studies have focused on TTT for the indication of
patella alta,4,17 and only one of them prospectively
assessed outcomes in this population following TTT.4

The purpose of this study was to determine short-
term patient-reported outcomes following distomedial
TTT in patients with patellar maltracking and patella
alta without instability.

Methods

Study Design
From September 2012 until September 2015, a

single-surgeon, case series study was performed in a
large teaching hospital in Alkmaar, The Netherlands.
Patients undergoing TTT for patellar maltracking with
patella alta were screened for eligibility. Patients were
eligible for inclusion if they had (1) patellar maltracking
with presence of patella alta (i.e., Caton-Deschamps
Index [CDI] �1.3),18 (2) insufficient response to pre-
vious conservative treatment for at least 6 months (e.g.,
physical therapy) and successful response to taping that
mimics surgical TTT,19 and (3) TTT with distalization
and medialization. Patients were excluded if they had
(1) a history of patellar dislocation, (2) TTT performed
in the context of a revision procedure, (3) presence of
systematic musculoskeletal disorders such as rheuma-
toid arthritis, (4) presence of severe rotational de-
formities of the lower limb requiring derotation
procedures, or (5) cognitive impairment or neurode-
generative diseases.
Patellar maltracking with patella alta was defined as

anterior knee pain that has an increased TT-TG dis-
tance, an increased CDI, and a good response on
McConnell taping19 in which the patella is simulated to
track more medially and distally. Surgery was recom-
mended only for patients who met these criteria and in
addition had insufficient response to previous conser-
vative treatment including physical therapy for at least
6 months.
All participating patients provided their informed

consent for inclusion. All study procedures were in
accordance with the Declaration of Helsinki20 and were
approved by the institutional ethics and review board
(M010-048).
Surgical Technique and Postoperative
Rehabilitation
A single surgeon (M.H.J.S.), experienced in per-

forming TTT procedures, or a registrar under direct
supervision of this surgeon, performed all procedures.
Distomedialization of the tibial tubercle was performed
in all knees. Preoperative planning was done for all
patients through radiographic imaging and magnetic
resonance imaging (MRI). There were no standard
definitions for the amount of distomedialization as this
differed per patient. The goal was to restore the
anatomic normal values as reported in the literature.
The required distal transfer was based on correction of
patella alta (CDI <1.3) and the required medial transfer
was based on correction of TT-TG distance (TT-TG <15
mm). An individualized surgical plan was made based
on these 2 measurements and the patient’s specific
anatomical variances. In case of extensive patella alta,
more distalization was applied. Likewise, in case of
substantially increased TT-TG distance, the tibial tu-
bercle was transferred more medially.
A longitudinal incision was made over the tibial tu-

bercle and the peritendineum was cleaved and opened
on both sides. A distal block of bone on the tibial tu-
bercle was marked and prepared with a 4.5-mm screw
hole. Oblique cuts were made with an oscillating saw
on the medial and lateral side of the fragment while the
proximal and distal ends were cut straight (Fig 1A).
Based on the preoperative measurements, the new
position of the tibial tubercle was determined. To verify
the new position, the patella was pulled caudally, while
attention was given for the moment when the patella
would no longer move any further anteriorly. Simul-
taneously, tracking of the patella through the trochlea
was checked for stability by manual assessment of
resistance to lateral manipulation. Once stable patello-
femoral tracking was observed, the definitive trans-
position site was marked and a second bony block was
cut out, such that this aligned with the measurements
and tracking (Fig 1B). The 2 bony blocks were then
switched so that the tibial tubercle, with the patellar
tendon attached, was transferred and countersunk into
the cutout of the second block of bone and vice versa
(Fig 1C). After manually assessing and approving the
new patellar tracking, final fixation was achieved with a
partially treated cancellous screw through the tibial
tuberosity (Fig 1D). This screw penetrated the posterior
tibial cortex to ensure maximal pull-out resistance.
Only the tibial tubercle was fixated with a screw.
Figure 2A shows a preoperative radiograph of a left
knee with patella alta. Figure 2B shows a radiograph of
the same knee 3 months postoperatively following
distomedial TTT.
Postoperatively, a custom-made knee immobilizing

brace, made of synthetic cast, was applied for 6 weeks,
and partial weight-bearing was allowed up to 50% of



Fig 1. Tibial tubercle distome-
dialization in a right knee with
patellar maltracking and patella
alta. (A) Osteotomy of the tibia
tubercle (arrow) with oblique saw
cuts. (B) Marked position of the
preoperatively planned distome-
dialization (arrow) for the tibia
tubercle with the patellar tendon
attached (asterisk), and osteot-
omy of the second bone block.
(C) The second bone block is
countersunk in the cutout of the
tibia tubercle (arrow). (D) The
tibial tubercle is transferred
medially and distally and fixated
with a partially treated cancellous
screw (arrow). The second bone
block is mechanically fixated in
the cutout of the tibial tubercle
(asterisk).
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body weight with crutches. After 6 weeks, the cast was
removed, and range of motion and active quadriceps
exercises were commenced under the guidance of a
physical therapist, provided that patellar position and
signs of progressive healing were radiographically
confirmed. Full weight-bearing was allowed when
muscular control was regained. If consolidation of the
osteotomy was confirmed on radiographs, and clinical
examination did not reveal other impediments, return
to low-impact sports was allowed after 12 weeks. High-
impact and contact sports were allowed after 5 to 6
months postoperatively, depending on clinical
recovery.
Clinical and Patient-Reported Outcomes
Before their surgery, all patients underwent preop-

erative clinical evaluations and completed baseline
patient-reported outcome measures (PROMs). Radio-
logic assessment was done for all patients through a
standard routine including anteroposterior and lateral
views of the knee, used to measure patellar height. In
addition, magnetic resonance imaging (MRI) of the
affected knee was performed to evaluate any patello-
femoral chondral defects, to check for soft-tissue in-
juries, and for measurement of TT-TG distance. TT-TG
distance was measured according to standard methods
on MRI, with the knowledge that TT-TG on MRI



Fig 2. (A) Preoperative radio-
graph of a left knee with patella
alta. Patella alta was defined as
CDI >1.3. This index is measured
as the ratio between the distance
from the tibial articular surface to
the lowest point of articular
cartilage on the patella (x), to the
length of the articular surface of
the patella (y). CDI ¼ x/y. (B)
Radiograph of the same knee 3
months postoperatively following
distomedial transfer of the tibial
tubercle (asterisk) with partially
treated cancellous screw fixation
(arrow). (CDI, Caton-Deschamps
Index.)
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underestimates TT-TG on computed tomography with
mean 3.5 mm.21 Chondral damage was classified
through MRI using the Modified Outerbridge grading
system.22 PROMs included the Kujala score,23 Knee
injury and Osteoarthritis Outcome Score (KOOS),24

and visual analog scale (VAS) for pain.25 Follow-up
measurements were performed at 3, 6, 12, and 24
months postoperatively. To determine clinical rele-
vance and improvement, frequencies of patients with
overall change scores (i.e., difference between baseline
and final follow-up) exceeding minimal clinically
important differences (MCIDs) for patellofemoral pain
were calculated. MCIDs in Kujala score of 12 points,26

KOOS of 10 points,24 and VAS of 20 points27 were
used. Complications were assessed during the study
period and frequencies of removal of hardware (ROH)
were calculated.

Statistical Analysis
Standard descriptive statistics were used to describe

patient characteristics, preoperative clinical outcomes,
and PROMs scores; logistic regression explored loss to
follow-up. To study improvement over time, we per-
formed generalized estimating equations (GEE) ana-
lyses with exchangeable correlation structures. GEE
models were chosen because they correct for missing
values and corrections are made for the dependency of
observations within one individual.28 Only patients
who were followed-up for a minimum of 12 months
were included in the analyses. Outcomes were Kujala
score, KOOS, and VAS, hence, linear models were used.
We entered time as sole factor in each model to explore
recovery over specified time intervals. Results of the
GEE analyses were presented as changes over the
specified time interval. All analyses were performed
using SPSS, version 25.0 (IBM SPSS Statistics, Armonk,
NY), and the level of significance was P < .05 (2-tailed).

Results

Study Population
A total of 40 patients with patellar maltracking and

patella alta without instability met the inclusion criteria.
Finally, 8 patients were lost to follow-up; thus, out-
comes of 32 patients were analyzed for the purpose of
this study (80% follow-up rate). Mean follow-up was
22 � 4.4 months. Loss to follow-up was not selective to
age, sex, body mass index, duration of symptoms, or
chondral damage (c2 ¼ 2.14, df ¼ 6, P ¼ .91, Nagel-
kerke R2 ¼ 0.07). Baseline characteristics of follow-up
patients are presented in Table 1. The tibial tubercle
was transferred medially over a median distance of 5.0
mm (interquartile range [IQR] 5.0-7.0) and distally
over a median distance of 15.0 mm (IQR 15.0-18.5)
(Table 1). No cartilage procedures were performed and
no large patellar lesions were noted in this group that



Table 1. Patient Characteristics for Follow-Up Patients

Variable

Patients (n ¼ 32)

n Median (IQR) or n (%)

Age, y 32 21.0 (19.0e25.9)
BMI 32 23.2 (21.2e24.5)
Female 32 24 (75%)
Right knee 32 17 (53%)
Duration of symptoms, y 31 4.0 (2.2e6.0)
Physical therapy, mo 28 6.0 (3.0e13.5)
Outerbridge score II-IV 30 14 (47%)
Preoperative TT-TG adjusted for measurement on MRI, mm 30 15.2 (11.9e17.3)
Preoperative CDI 32 1.3 (1.3e1.5)
Postoperative CDI 32 1.0 (0.9e1.1)
Transfer distance, mm

Medial 30 5.0 (5.0e6.3)
Distal 30 15.0 (15.0e18.5)

NOTE. Patient characteristics are reported as median with corresponding IQR or in number and frequencies (%).
BMI, body mass index; CDI, Caton-Deschamps index; IQR, interquartile range; MRI, magnetic resonance imaging; TT-TG, tibial

tubercleetrochlear groove distance.

Table 2. Mean and Change Scores and GEE Results Specified
per Time Interval

Outcome

Patients (n ¼ 32)

n
Score
� SD Change � SD P Value

Kujala
Baseline 32 55 � 12
DT0-T3m 20 67 � 19 e11.4 � 19 <.001*

DT3-T6m 18 76 � 16 e9.3 � 19 .04*

DT6-T12m 16 79 � 14 e3.2 � 12 .27
DT12-T24m 26 79 � 16 0.7 � 17 .83

KOOS
Baseline 32 48 � 14
DT0-T3m 20 70 � 18 e22.0 � 18 <.001*

DT3-T6m 18 78 � 18 e8.4 � 18 .05*

DT6-T12m 16 78 � 15 e0.1 � 13 .99
DT12-T24m 26 79 � 15 e1.1 � 16 .73

VAS
Baseline 30 64 � 17
DT0-T3m 20 24 � 17 40.3 � 22 <.001*

DT3-T6m 18 22 � 18 1.7 � 20 .72
DT6-T12m 17 24 � 10 e2.0 � 22 .72
DT12-T24m 26 25 � 21 e1.1 � 30 .85

Mean scores and change scores of outcomes and GEE results are
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required such interventions. Postoperatively, median
CDI was 1.0 (IQR 0.9-1.1).

Improvement Over Time
Mean Kujala score increased from 55 � 12 preopera-

tively to 79 � 16 (P < .001) at final follow-up. No further
significant improvement was observed after 6 months
follow-up (Table 2 and Fig 3A). Mean KOOS increased
from 48 � 14 preoperatively to 79 � 15 (P < .001) at
final follow-up. After 6 months follow-up, no further
significant improvement was observed (Fig 3B). Mean
pre- and postoperative final follow-up VAS score were 64
� 17 and 25 � 21 (P < .001), respectively. No further
significant improvement in VAS was observed after 3
months follow-up (Fig 3C). MCIDs for all PROMs were
exceeded by mean overall improvement scores in these
PROMs. A total of 27 patients (84%) had a clinically
relevant improvement of Kujala score, 29 patients (91%)
of KOOS, and 25 patients (78%) of VAS.

Complications
Complications occurred in 1 patient (3%), a 16-year-

old female, who suffered from anterior knee pain
postoperatively for which a re-osteotomy with further
medialization of the tibial tubercle and lateral retinac-
ular release was performed 1 year after the original
procedure. After this procedure, the patient continued
to have anterior knee pain that required ROH 1 year
later. The patient was satisfied with the final result. A
total of 72% of patients required ROH because of
complaints of the screw. No other complications such as
instability, failure of materials, joint stiffness, infection,
or nonunion occurred.
presented per time interval with corresponding SD.
GEE, generalized estimating equation; KOOS, Knee injury and

Osteoarthritis Outcome Score; m, months; SD, standard deviation;
VAS, visual analog scale for pain.
*Statistically significant.
Discussion
The main findings of this study were that distomedial

TTT led to good functional recovery and effective pain
reduction up to 24 months’ follow-up in patients with
patellar maltracking and patella alta without instability.
Mean overall improvement in PROMs were larger than
the aforementioned MCIDs, indicating clinically rele-
vant improvement. Patient-reported outcomes
improved significantly in the first 3 months when
regarding the VAS, and 6 months when regarding
Kujala and KOOS score, and these results remained
stable over time. Furthermore, few surgical
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complications occurred (3%), suggesting that TTT is a
safe procedure. However, the ROH rate was high
(72%).
This study is one of the few to prospectively assess

outcomes following distomedial TTT in patients with
patella alta. In a previous prospective study, Al-Sayyad
et al.4 obtained corresponding results following distal
transfer with significant functional improvement, few
complications (7%) and high patient satisfaction (88%)
in 25 patients with patellofemoral pain and patella alta.
Although the 2-year improvement in Kujala score was
similar, Al-Sayyad et al.4 differed from our study by
only distalizing the insertion of the patella tendon,
without performing medialization. Median TT-TG dis-
tance in the current study was 15.5 mm, indicating
significant lateral patellar tracking was present in the
study population. Because lateral patellar tracking was
not reported by Al-Sayyad et al.4 the study populations
could not be compared. In a retrospective, comparative
cohort study, Enea et al.17 performed distome-
dialization of the tibial tubercle in 24 patients with
patella alta and either objective patellar instability or
potential patellar instability. They reported improve-
ment of functional scores and pain score comparable
with the present study, without significant differences
between the 2 patient groups. However, like our study,
group sizes were small in the study by Enea et al.,17 and
to have sufficient power to detect a pre- to post-
operative difference exceeding the MCID in Kujala
score, larger sample sizes are needed. Tigchelaar et al.29
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and Koëter et al.30 prospectively assessed 60 knees with
patellar maltracking or instability (31 of them with
patella alta) of the same study cohort, following medi-
alization (and distomedialization in case of patella alta)
at 2 years and 10 years follow-up. They found similar
improvement in functional outcomes and pain scores,
and demonstrated that initial improvements were
maintained at 10 years follow-up, with no significant
differences between the maltracking and instability
group.
All aforementioned studies reported an average

improvement exceeding the MCID regarding the Kujala
score or VAS and these improvements only differed
marginally between the studies.4,17,29 Therefore, it
seems that the specific surgical technique does not in-
fluence the outcome of a TTT. However, none of the
previous studies4,17,29 reported change over time in
outcome scores. Based on the results of the present
study, patients can be informed to expect quick post-
operative improvement in pain up to 3 months, and
functional improvement up until 6 months following
distomedial TTT. Furthermore, a total of 84% to 91% of
patients had clinically relevant improvement in func-
tional scores, and 78% of patients had clinically rele-
vant pain relief. However, despite functional
improvement and pain reduction were obtained in the
vast majority of patients, a percentage as great as 22%
of patients continued to have pain, and 9% to 16% of
patients did not have clinically relevant functional
improvement. It is therefore important to perform
careful patient selection based on clinical findings and
underlying anatomic variances, and to initiate nonop-
erative treatment first before considering distomedial
TTT. In contrast, when initiating conservative therapy,
it should be kept in mind that this is to avoid operative
management and not to delay surgical intervention.
Therefore, when considering duration and extent of
conservative therapy, anatomical variances underlying
patellar maltracking should be appreciated.
To address the variety of anatomical conditions

associated with patellar maltracking, numerous tech-
niques for TTT have been introduced, including medi-
alization, distalization, anteromedialization, and
distomedialization.5 Anteromedialization is primarily
reserved for patients with patellar maltracking or
instability with presence of partial- or full-thickness
patellar lesions and aims to offload patellofemoral
cartilage.31,32 In patients with patellar maltracking and
patella alta, the goal of surgery is to restore patellar
height and lateral tracking to normal indices to improve
patellofemoral engagement.17,33 This should increase
patellofemoral contact surface and reduce peak stress
and pain.34 Hence, in this specific population, we feel
distomedial transfer is an appropriate technique to
restore patellofemoral congruence. Moreover, it should
be noted that because of the slope of the proximal tibia,
distal transfer also causes a certain amount of medial-
ization of the tibial tubercle, which can be adjusted as
required according to the patient’s TT-TG distance.35

Distomedial transfer has initially been described by
Hauser for treatment of patellar instability. This treat-
ment was later criticized because of high complication
rates and development of patellofemoral osteoar-
thritis.36,37 However, the procedure performed in those
studies36-38 was substantially different from the modern
procedure as an overcorrection of distomedial transfer
occurred with a medialization of 25 mm and distaliza-
tion of 25 to 38 mm.13 In contrast, we performed only
subtle transfer of the tibial tubercle and reported a
medialization of 5 mm and a distalization of 15 mm in
our study. Overcorrection was avoided through pre-
operative estimation of transfer distance, based on
radiologic measurements, and final intraoperative
control of the new patellar tracking before the defini-
tive transposition site was determined.
Currently, concerns related to long-term complica-

tions such as degenerative joint disease following
distomedial TTT remain. Up to 24 months post-
operatively, only a few complications (3%) occurred
following distomedial TTT in this study. However,
follow-up may have been too short for osteoarthritic
changes to manifest, and no postoperative MRIs were
performed to evaluate this. Tigchelaar et al.29 reported
long-term incidence of postoperative patellofemoral
degeneration that was similar to the natural history of
conservatively treated patellar instability. One may
argue that with corresponding subtle medial transfer
distance, a comparable incidence of postoperative
osteoarthritic change in patients of the present study
could be expected.
Furthermore, in a biomechanical study, Luyckx

et al.34 demonstrated that patella alta is associated with
reduced patellofemoral contact surface but higher
patellofemoral contact pressure compared with the
normal height patella. These findings were in accor-
dance with similar biomechanical8 and radiologic
studies6,9,39 that showed an association between patella
alta and reduced patellofemoral contact surface.
Moreover, patella alta was associated with an elevated
prevalence of patellofemoral osteoarthritis resulting
from reduced patellofemoral loadbearing surface and
subsequent increased peak stress.9,39 It can therefore be
stated that correction of patella alta to a “normal”
height, as is pursued with distomedial TTT, allows for
an increased loadbearing surface and subsequently for
decreased peak stress as result of improved pressure
distribution. Distomedial TTT may consequently be
efficacious in prevention, or reduction of progression of
patellofemoral cartilage degeneration in patients with
patella alta. Nevertheless, long-term studies are needed
to confirm the incidence of patellofemoral osteoarthritis
following distomedial TTT.
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Despite good clinical results following the procedure,
the ROH rate in this study was high (72%). Previous
studies reported ROH rates ranging from 10% to 96%
following different techniques for TTT.16 The relatively
high rate in this study can be attributed to the large
compression screw that was used in this series. In the
future, smaller AO screws can be placed to avoid this.
Furthermore, during standard follow-up, patients were
asked actively for any complaints of the screw, which
might have led to a greater ROH rate. We consider the
ROH rate an important disadvantage of the procedure.
However, patients who have suffered from long-term
anterior knee pain due to patellar maltracking and pa-
tella alta may experience few disadvantages of ROH
relatively to the clinical benefit of TTT. Nevertheless,
adaption of technique and materials to reduce the ROH
rate should be explored.

Limitations
This study was subject to several limitations. First,

PROMs were not completed by all patients on every
follow-up, and lost to follow-up was present. Inter-
mittent missing data and loss to follow-up limited the
ability to assess change in outcomes over time on larger
scale and may have given rise to selection bias. How-
ever, we aimed to correct this limitation by performing
GEE analyses and demonstrated that loss to follow-up
was not selective for baseline patient characteristics.
Second, the 24-month follow-up period allowed only
for short-term effects of the procedure to manifest, and
on the base of this study, long-term results could only
be hypothesized. Therefore, no hard statements
regarding incidence of postoperative arthritic changes
could be made. Finally, because of the character of the
study, no comparison group was involved. Hence,
outcomes of the procedure could not be compared with
results of conservatively treated patients.
Conclusions
In this case series study, distomedial TTT led to clini-

cally relevant functional improvement and pain
reduction in patients with patellar maltracking and
patella alta without instability. However, the ROH rate
was high (72%).
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