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Background: Tibial tubercle osteotomy (TTO) is a commonly utilized surgery in the treatment of patellofemoral instability and
chondrosis. A number of case series studies have reported on the mid- and long-term outcomes with varying complication rates.

Purpose: To report the incidence of major complications after TTO and the rate of progression of knee osteoarthritis at midterm
follow-up.

Study Design: Case series; Level of evidence, 4.

Methods: All patients who underwent primary TTO between January 1, 2010 and December 31, 2015, and who had �5 years of
clinical follow-up data were included. Patient demographics and clinical and radiographic outcomes were recorded. Risk factors
for complications were identified using multivariate logistic regression analysis.

Results: A total of 72 patients were included. The mean follow-up period was 104.8 months (range, 67-138 months). The overall
complication rate was 38.9% (28/72 patients), and the incidence of major complications was 6.9%. Univariate logistic regression
analysis revealed that patients with a history of smoking were more likely to experience a complication (odds ratio = 4.33 [95% CI,
1.29-14.53]; P = .02). Multivariate analysis with TTO as the main predictor indicated that complication rates were not affected by
TTO procedure (TTO vs TTO 1 other), number of screws, or distalization. There was also no difference between anteromedializa-
tion and medialization TTO techniques. The rate of patients with Kellgren-Lawrence grade 3 to 4 increased from 12.0% preop-
eratively to 23.9% at the final follow-up. New osteophyte formation was detected in 5.8% of patients on anteroposterior
radiographs and in 9.1% of patients on lateral radiographs.

Conclusion: In the current study, TTO was found to have a major complication rate of 6.9% at midterm follow-up. Smoking was
a risk factor for major complications. Only 11.9% of patients had progression in tibiofemoral osteoarthritis at midterm follow-up.
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Tibial tubercle osteotomy (TTO) is a commonly performed
surgical technique for the treatment of patellar instability.
First described by Hauser8 in 1938, TTO has been utilized
as a standalone or concomitant procedure. It restores the
force vectors acting on the patella.10 The 2 most common
techniques include the straight medialization (MZ),22 the
Elmslie-Trillat procedure, which addresses instability
and lateral patellar chondral damage; and anteromediali-
zation (AMZ),5 also known as the Fulkerson osteotomy,
which additionally offloads the lateral and distal patellar

chondral surfaces. More recently, tibial tubercle distaliza-
tion has also been added to these procedures.

The mid- and long-term clinical outcomes of TTO have
been reported in a few case series, with high rates of return
to sports and improved patient-reported outcomes.4,12,15,16

The overall complication rate after TTO has been reported
as between 4% and 46%.10,11,14,17,18 However, the majority
of these complications are either early postoperative com-
plications, such as perioperative pain, or minor complica-
tions, such as superficial wound infection, painful screws,
or arthrofibrosis; major complications are rare. In a recent
systematic review, Payne et al17 reported the rate of major
complication as 3.0%. Recurrent instability is a major com-
plication of TTO and may occur at any time after the sur-
gery. Pain due to screws is the most commonly cited cause
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of reoperation after TTO. There is no consensus on
whether hardware removal is a complication or should be
considered a standard part of the treatment.6 Unlike clin-
ical outcomes, radiological outcomes12,23 after TTO have
not been well-defined.

The purposes of this study were to (1) report the major
complication rate after TTO at a minimum 5-year follow-
up, (2) identify risk factors for postoperative complications,
and (3) report the rate of progression of knee osteoarthritis.
We hypothesized that the incidence of major complications
after TTO would be \10% and that the rate of progression
of knee osteoarthritis would be slow.

METHODS

Study Population

We performed a retrospective chart review on patients
undergoing TTO at a single institution between January
1, 2010, and December 31, 2015. Included were patients
who underwent primary TTO for recurrent patellofemoral
instability and had a minimum of 5-year follow-up data.
The exclusion criteria were patients with \5-year follow-
up data, revision TTO, TTO after total knee arthroplasty,
concomitant anterior cruciate ligament reconstruction, his-
tory of or concomitant distal femoral osteotomy, history of
soft tissue procedures (STP) or trochleoplasty for patellar
instability, and those with congenital patellar dislocation
or patellar instability secondary to a congenital disorder/
syndrome. This study was deemed exempt from institu-
tional review board approval by our institution.

Data Variables

The patient variables that were recorded were age, sex,
smoking status, body mass index (BMI), laterality, the
presence of trochlear dysplasia, tourniquet use, TTO proce-
dure (AMZ vs MZ), concomitant STP, tibial tubercle distal-
ization, trochleoplasty, chondral procedures, number of
screws, and the use of an epidural catheter.

Surgery was recorded as bilateral only if the patient had
simultaneous bilateral knee TTO surgery. Patients who
had knee surgeries at 2 different time points were recorded
as unilateral for the respective knee surgery. Trochlear
dysplasia was graded based on Dejour classification using
preoperative knee radiographs. All STP, including medial
patellofemoral ligament (MPFL) reconstruction (MPFLR),
arthroscopic lateral retinacular release, open lateral reti-
nacular lengthening, and MPFL imbrication, were

classified as STP. All chondral procedures were recorded.
The patient was defined as a smoker if he or she was an
active smoker at the time of the surgery or smoked regu-
larly in the past and then quit or a nonsmoker if the
patient never smoked. Smoking status was reported sepa-
rately for each knee for patients undergoing TTO for both
knees at 2 different time points. TTO techniques utilized in
this cohort were AMZ and MZ with or without concomitant
distalization.

Follow-up data were collected through chart review
using electronic medical records based on the final clinical
visit. Complications during the follow-up period were col-
lected on a RedCap database.7 Among the complications
observed in our cohort, major complications were defined
as deep vein thrombosis, pulmonary embolism, septic
arthritis, tibial tubercle fracture, and loss of fixation
including nonunion or breaking of screws before union.

Radiographic follow-up was performed using preopera-
tive and the last available fixed flexion weightbearing
anteroposterior (AP)1,2 and lateral knee radiographs. The
modified Kellgren-Lawrence grading scale24 was used to
grade tibiofemoral osteoarthritis. Patients were grouped
as follows: patients without an osteophyte or joint space
narrowing (grade\2), patients with an osteophyte without
joint space narrowing (grade 2), and patients with joint
space narrowing (grade 3-4). We also included specific
data on new osteophyte formation on AP radiographs.
The lateral knee radiograph was graded based on the pres-
ence of an osteophyte on the patella. The grading of the
osteoarthritis was performed by a fellowship-trained sur-
geon (S.Y.).

Statistical Analysis

Continuous variables (age and BMI) were presented using
medians and interquartile ranges. Categorical variables
(sex, smoking, TTO procedure, and TTO technique) were
summarized using counts and percentages. A series of uni-
variate logistic regression models were built to investigate
the univariate relationship between the predictor and out-
come. Multivariate logistic regression was used to model
complications. Due to the limited number of patients
with complications, only 3 predictors were included: the
main predictor (TTO procedure or TTO technique), number
of screws, and distalization. Results were summarized
using odds ratios (ORs) with 95% CIs. Significance was
determined at P\ .05. Predictors with missing data (smok-
ing status) were singly imputed using multivariate impu-
tation by chained equations (mice package in R software).
Data management and analysis were performed using R
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software (Version 4.0). All tests were 2-sided, with an
alpha level of .05.

RESULTS

After exclusion, 93 patients were eligible, and 72 of these
patients (77.4%) were included in the analysis. The median
age at surgery was 22.0 years, and there were 50 female
and 22 male patients. The mean follow-up period was
104.8 months (range, 67-138 months). The median BMI
at surgery was 26.4. A total of 64 patients underwent
AMZ TTO (41 AMZ TTO only, 23 AMZ TTO and distaliza-
tion), and 8 underwent MZ TTO (6 MZ TTO only and 2 MZ
TTO and distalization). Additionally, 61 patients had iso-
lated TTO and 11 patients had TTO and concomitant
MPFLR. Also, 45 patients had concomitant lateral retinac-
ular lengthening without MPFLR. One screw was used in 5
patients, and 2 screws in 67 patients; 56 patients reported
being a nonsmoker, and 15 patients reported being
a smoker (Table 1).

The overall complication rate was 38.9% (28/72
patients), and the incidence of major complications was
6.9% (5/72 patients) (Table 2). Two patients (2.8%) had
recurrent instability during follow-up (1 patient at 10
months and the second patient at 6 years after surgery);
both patients had a history of recurrent instability and
underwent isolated AMZ TTO with no concomitant
MPFLR. One patient had a pulmonary embolism on post-
operative day 12 and was treated with no further complica-
tions. Another patient was diagnosed with nonunion that
required revision surgery. Moreover, another patient

reported traumatic subluxation at the 10-year follow-up
after a direct blow to the knee without evidence of frank
dislocation and was treated nonoperatively. Among the
patients who experienced a major complication, 4 under-
went AMZ TTO (4/64; 6.25%) and 1 underwent MZ TTO
(1/8; 12.5%).

Univariate logistic regression analysis on complications
revealed that patients with a history of smoking were more
likely to experience a postoperative complication (OR, 4.33
[95% CI, 1.29-14.53]; P = .02) (Table 3).

A multivariate model for complications using TTO pro-
cedure as the main predictor revealed that TTO procedure
(TTO vs TTO 1 STP), number of screws, and distalization
did not affect complication rates (Table 4). A multivariate
model for complications using TTO technique (AMZ vs
MZ) as the main predictor revealed no difference in the
TTO technique (Table 5).

The mean time to radiographic follow-up was 67 months
(range, 62-120 months), with a follow-up rate of 80% (48/60
patients with baseline radiographs). The rate of patients
with Kellgren-Lawrence grade 3-4 in the tibiofemoral com-
partment increased from 12.0% preoperatively to 23.9% at
the last follow-up. The rate of patients with an osteophyte
on AP knee radiographs was 33.3% preoperatively and
increased to 39.1% at the most recent follow-up. The pres-
ence of patellar osteophyte on lateral radiographs
increased from 31.8% to 40.9% (9.1%) at the most recent
follow-up (Table 6).

Of 72 patients, 12 were athletes. Among the 12 athletes,
11 (91.7%) returned to sports after the TTO procedure. The
mean time to return to sports was 27.6 6 10.2 weeks. Sport-
specific return-to-sports information is shown in Table 7.

TABLE 1
Summary Statistics of the Entire Analysis Cohorta

Variable Total (N = 72) No Complication (n = 44) Complication (n = 28)

Age, y 22.0 [16.0-32.0] 18.5 [15.8-29.8] 23.0 [17.8-32.2]
Sex

Male 22 (30.6) 17 (38.6) 5 (17.9)
Female 50 (69.4) 27 (61.4) 23 (82.1)

Smokingb

No 56/71 (78.9) 38 (86.4) 18 (64.3)
Yes 15/71 (21.1) 5 (11.4) 10 (35.7)

BMI, kg/m2 26.4 [23.0-32.2] 25.1 [23.0-32.5] 27.9 [25.3-31.9]
TTO procedure

TTO 61 (84.7) 36 (81.8) 25 (89.3)
TTO 1 MPFLR 11 (15.3) 8 (18.2) 3 (10.7)

TTO technique
AMZ 64 (88.9) 40 (90.9) 24 (85.7)
MZ 8 (11.1) 4 (9.1) 4 (14.3)

Number of screws
1 5 (6.9) 2 (4.5) 3 (10.7)
2 67 (93.1) 42 (95.5) 25 (89.3)

Distalization
No 47 (65.3) 31 (70.5) 16 (57.1)
Yes 25 (34.7) 13 (29.5) 12 (42.9)

aData are reported as median [IQR] or n (%). AMZ, anteromedialization; BMI, body mass index; MPFLR, medial patellofemoral ligament
reconstruction; MZ, medialization; TTO, tibial tubercle osteotomy.

bFor the total cohort, n = 71, and for the no-complications cohort, n = 43.

The Orthopaedic Journal of Sports Medicine Joint Preservation and Complications of TTO 3



DISCUSSION

This study demonstrated that the rate of major complica-
tions after TTO surgery at midterm follow-up was 6.9%
(5/72 patients). Similarly, the rate of recurrent instability
was as low as 2.8% (2/72 patients). Smoking was associated
with complications after TTO. The progression of knee

osteoarthritis was 7.1%, and the rate of new osteophyte for-
mation was 5.8%.

A recent systematic review on the outcomes of tibial
tubercle osteotomy reported an 8% complication rate after
TTO procedures with a 1.9% recurrent dislocation rate.18

The same study reported a 2.8% recurrent dislocation
rate after isolated TTO. This systematic review did not
specify rates based on the type of TTO. Another systematic
review by Payne et al17 reported an overall 3.0% major
complication rate after TTO, with MZ TTO having a rate

TABLE 2
Postoperative Complicationsa

Complication No. of Patients

Minor complications, n (%) 23 (31.9)
Arthrofibrosis 6
Procedure for cartilage injury/OA 5
Cellulitis around epidural catheter entry site 1
Chronic compartment syndrome 2
Wound infection 1
Painful hardware 2
Early postoperative pain 6

Major complications, n (%) 5 (6.9)
Pulmonary embolism 1
Nonunion 1
Recurrent dislocation 2
Traumatic subluxation 1

aData are reported as n unless otherwise indicated. OA,
osteoarthritis.

TABLE 3
Univariate Logistic Regression Using

Complications as an Outcomea

Factor OR (95% CI) P

Sex, female vs male 2.9 (0.92-9.07) .07
Smoking, yes vs no 4.33 (1.29-14.53) .02
TTO procedure, TTO 1 STP vs TTO 0.54 (0.13-2.24) .40
TTO technique, MZ vs AMZ 1.67 (0.38-7.29) .50
Number of screws, 2 vs 1 0.4 (0.06-2.54) .33
Distalization, yes vs no 1.79 (0.66-4.81) .25
Age, IQR increase, n 1.33 (0.63-2.82) .45
BMI, IQR increase 1.36 (0.71-2.61) .36

aBoldface P value indicates statistical significance (P \ .05).
AMZ, anteromedialization; BMI, body mass index; MZ, medializa-
tion; OR, odds ratio, STP, soft tissue procedures; TTO, tibial tuber-
cle osteotomy.

TABLE 4
Multivariable Model for Complications

Using TTO Procedure as the Main Predictora

Factor Level OR (95% CI) P

TTO procedure TTO 1 STP (vs TTO) 0.25 (0.03-2.27) .22
Number of screws 2 (vs 1) 0.11 (0.01-1.54) .10
Distalization Yes (vs no) 1.73 (0.61-4.92) .30

aOR, odds ratio; STP, soft tissue procedure; TTO, tibial tubercle
osteotomy.

TABLE 5
Multivariable Model for Complications Using

TTO Technique (AMZ vs MZ) as the Main Predictora

Factor Level OR (95% CI) P

TTO technique MZ (vs AMZ) 1.02 (0.15-6.83) .98
Number of screws 2 (vs 1) 0.3 (0.03-3.28) .33
Distalization Yes (vs no) 2.06 (0.74-5.73) .17

aAMZ, anteromedialization; MZ, medialization; OR, odds ratio;
TTO, tibial tubercle osteotomy.

TABLE 6
Radiographic Outcomesa

Outcome Preoperative Follow-up

Kellgren-Lawrence grade
\2 78.5 57.1
2 9.5 19.0
3-4 12.0 23.9

Osteophyte on AP radiograph
No 66.7 60.9
Yes 33.3 39.1

Patellar osteophyte
No 68.2 59.1
Yes 31.8 40.9

aData are reported as percentage of patients. AP,
anteroposterior.

TABLE 7
Return-to-Sports Rate by Sport (n = 12 patients)a

Sport Returned to Sportsb Time to Return (weeks)

Volleyball 2/2 (100) 24
Soccer 3/3 (100) 39
Figure skating 1/1 (100) 25
Karate 1/1 (100) 21
Tennis 1/1 (100) 14
Basketball 1/1 (100) 26
Swimming 1/1 (100) 25
Running 1/1 (100) 49
Football 0/1 (0) NA

aNA, not applicable.
bData are reported as number of patients who returned/total for

that sport (%).
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of 2.3% and AMZ TTO 3.1%. The difference was not signif-
icant between TTO types. Buuck and Fulkerson3 reported
outcomes of AMZ TTO in 42 knees at a mean follow-up of
4.9 years (range, 0.2-20 years). In their series, 2 patients
had patellectomy, 1 patient had deep vein thrombosis,
6.9% of patients had arthrofibrosis requiring manipula-
tion, and 81% had kneeling pain due to prominent screws,
of which 40% could not kneel at all. Overall, they removed
screws in 69% of patients.

Smoking has been reported to be a risk factor regarding
outcomes for a number of musculoskeletal conditions and
orthopaedic procedures.9,13,19,21,25 Our findings correlate
with the prior findings in the literature. Although only 1
patient had nonunion, the multivariate analysis revealed
smoking as the only risk factor for complications after
TTO when all complications were included. This informa-
tion may be utilized in discussion with patients during
the preoperative evaluation.

Some authors consider patellofemoral stabilization and
realignment procedures to be joint preservation proce-
dures. Recently, Klinge and Fulkerson12 reported out-
comes of AMZ TTO at minimum 15-year follow-up in 15
patients (17 knees). In their series, no patient had under-
gone knee arthroplasty at the final follow-up. However,
the authors did not report any radiographic outcomes.
Tscholl et al23 reported radiographic outcomes of combined
MPFLR and MZ TTO at a mean 5.4-year follow-up using
the Sperner classification,20 in which grade 0 represents
no degenerative changes, grade 1 represents subchondral
sclerosis, grade 2 represents osteophytes on the patella,
grade 3 represents narrowing of the joint space, and grade
4 represents tight joint space with osteoarthritic deforma-
tion of the patella. The mean preoperative Sperner classi-
fication was 0.3 6 0.7, and it increased to 1.0 6 0.9
during the follow-up period. In our cohort, a new osteo-
phyte formation was found in 5.8% of patients, and there
was progression in Kellgren-Lawrence grading in 7.1% of
patients at a mean of 104.8 months. No patient underwent
knee arthroplasty.

With regard to the surgical technique, our cohort
included MZ and AMZ TTO. Medialization TTO had higher
complication rates, but our statistical analysis did not
reveal a difference between the groups. Although the num-
ber of patients with MZ TTO was lower than AMZ TTO, it
was enough to yield an analysis. On the other hand, the
numbers indicated the relative preference of techniques
by surgeons in addressing patellar instability. Hardware
removal is another controversial topic. Some surgeons con-
sider screw removal to be a part of the surgical treatment,
while others consider it a complication. In this study, only
2 patients underwent hardware removal due to persistent
pain and were included in the analysis as a complication.

One of the patients in our study experienced cellulitis
around the epidural catheter entry point. We should note
that the use of the epidural catheter was preferred by a
single surgeon (S.Y.) during the early study period. The
epidural catheter was associated with multiple complica-
tions, was replaced by regional blocks, and is no longer
used.

Limitations

There were several limitations to our study, including its
retrospective design, the lack of patient-reported outcome
scores, and the lack of a control group. In addition, for
the radiographic follow-up evaluation, we did not have
sunrise view to compare preoperative and follow-up
images.

CONCLUSION

In the current study, TTO was found to have a major com-
plication rate of 6.9% at midterm follow-up. Smoking was
a risk factor for major complications. Only 11.9% of
patients had progression in tibiofemoral osteoarthritis at
midterm follow-up.
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