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This article sought to determine rates for return to work, pain relief, and recurrent
patellofemoral instability for military service members undergoing tibial tubercle osteotomy (TTO) for persistent lateral patellar subluxation or dislocation. Patient demographic
and surgical variables were isolated from the medical records of active duty service
members with at least 2 years of postoperative follow-up, and correlated with return to
work, pain improvement, recurrent patellofemoral instability, and perioperative complications. There were 51 service members (58 primary TTOs) with an average follow-up of 3.3
(range, 2.0–6.7) years. Service members had an average of 2.8 (1–12) instability events
preoperatively. At a minimum of 2 years postoperatively, 41 (80%) military service members
returned to full active duty service. Among the 58 TTOs, there was a 46% improvement in
the patient-reported visual analog score from 4.1 to 2.2 (p < 0001). The postoperative
recurrent instability rates were patellar dislocation (5.1%) and patellar subluxation (15.5%).
Concomitant proximal realignment was performed in 48% of cases, which did not affect
return to service, postoperative patellar instability events, or pain improvement (p > 0.05).
The overall complication rate was 10%. Postoperative tibial fractures occurred in 6.9% of
TTOs. At short- to mid-term follow-up, 80% of service members undergoing TTO for
patellofemoral instability returned to military duty with signiﬁcant improvement in pain
scores and a moderate perioperative complication and postoperative instability rate. This
study is a level IV therapeutic case series.

Lateral patellofemoral instability, which includes both subluxation and complete patellofemoral dislocation, depends
on the complex interaction between the dynamic stabilizers
and the static bony and soft-tissue restraints, and patellar
dislocation accounts for 2 to 3% of all knee injuries.1 The
patellar dislocation incidence rate within the U.S. general

population has been reported to be between 2.3 and 6.8 per
100,000 person-years, with over half of all injuries resulting
from athletic activities.2–4 Military service members have
increased rates of patellar dislocation injuries of between
69.2 and 77.4 per 100,000 person-years, ostensibly because
of their greater occupational and physical demands.5,6 These
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large-scale population studies have identiﬁed prior patellar
dislocation,3 younger age,2–6 female sex,5 participation in
athletic activities,2–4,6 soft-tissue laxity/disruption,6 and
anthropometric measures6 as risk factors for patellar
dislocation. Additional anatomic and radiographic risk factors associated with patellofemoral joint instability include
abnormal bony anatomy2,7 (e.g., patella alta, trochlear dysplasia, increased tibial tubercle–trochlear groove distance,
and patellar tilt) and soft-tissue factors6 (e.g., medial retinaculum laxity, medial patellofemoral ligament disruption, and
weakened vastus medialis).
U.S. military service members must pass frequent physical ﬁtness evaluations and perform jobs with substantial
occupational demands. Organized aerobic activity, strength
training and the performance of core military tasks to
include marching at least 2 miles with an additional 40
pounds of equipment, participating in tactical ﬁeld training,
and deploying in a resource-limited environment for up to
12 months are required of military service members.8 Additionally, all military service members undergo scheduled
semiannual physical ﬁtness testing that includes a timed
aerobic event and meeting weight and body composition
standards.8–10 If a military service member cannot attain the
outlined occupational and physical requirements, the service
member may be medically separated from the military.
In reviewing moderately sized studies with conservative
treatment of ﬁrst-time patellar dislocation and greater than
2-year follow-up, the rate of repeat dislocation ranges from 17
to 49%.3,11–15 However, nearly 50% of patients have either pain,
functional limitations, or decreased activity levels following a
ﬁrst-time patellar dislocation,2,11,13,14 and posttraumatic
patellofemoral arthritis may be exceedingly common with
long-term follow-up, regardless of instability recurrence.16,17
Given the preponderance of repeat patellar instability and
suboptimal patient-reported outcomes, there is an increased
interest in surgical management. A recent systematic review
comparing nonoperative and operative treatment of ﬁrst-time
patellar dislocations found that surgical management may
lower the rate of recurrent dislocation, but did not improve
functional outcome scores.18 Both proximal- (e.g., lateral
release, medial patellofemoral ligament reconstruction, and
medial imbrications) and distally-based methods [e.g., tibial
tubercle osteotomy(TTO)] have been recommended to diminish the risk of subsequent patellar instability and restore
patients to athletic function.19–21 Recent literature has also
emphasized the importance of recognizing and correcting axial
and coronal plane malalignment, which is commonly assessed
with measurement of both tibial tubercle–trochlear groove
distance and quadriceps angle when considering optimal
treatment algorithm.19,21–27 Numerous surgical procedures
have been described for patellar instability including the
anteromedialization of TTO as described by Fulkerson et al,28
but no agreement on the optimal procedure has been
reached. Anteromedialization of TTO has favorable clinical
outcomes20,22–27,29–31 and offers the added beneﬁts of partially correcting abnormal patellar mechanics and kinematics,
unloading the patellofemoral joint, and correction of patella
alta, when present.32
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The surgical and occupational outcomes of anteromedialization of TTO for patellofemoral instability within a high-demand,
athletic military cohort have not been investigated. The purpose
of this study was to determine rates for return to work; pain
relief; recurrent patellofemoral instability; and perioperative
complications in a large, homogeneous, active population
following anteromedialization of TTO for patellofemoral instability with a minimum of 2 years of occupational outcome.
We hypothesize that anteromedialization of TTO predictably
decreases knee pain and recurrent patellofemoral instability
events in a cohort of military service members and allows them
a reliable return to previous lower extremity function.

Methods
After institutional review board approval, the Military Health
System Management Analysis and Reporting Tool (M2) database was queried to identify active duty service members who
underwent a TTO (Current Procedural Terminology Code
27418) for patellofemoral instability or recurrent patellar
dislocations (International Classiﬁcation of Diseases, Ninth
Revision codes 836.3, 836.4, 718.36) at any military facility
between 2006 and 2012. Inclusion criteria were active duty
members of the U.S. Army, Navy, Marines, or Air Force with the
primary diagnosis of patellofemoral instability or recurrent
patellar dislocation with at least 2 years of postoperative
follow-up. Exclusion criteria were applied to nonactive duty
status, cases of lateral maltracking without a documented
instability event, individuals with less than 2 years of clinical
follow-up, and non-TTO periarticular osteotomies about the
knee. All TTO cases were described as anteromedializing
procedures of the tibial tubercle within the medical record.
Additionally, concomitant surgical procedures including medial patellofemoral ligament reconstruction, lateral release, and
medial reeﬁng were identiﬁed and classiﬁed as proximal
realignment procedures for subsequent analysis. When available, additional data regarding physical and radiographic
ﬁndings such as the quadriceps angle and tibial–tubercle
trochlear groove distance were extracted from the medical
record.
The U.S. Department of Defense electronic health record
(Armed Forces Health Longitudinal Technology Application
[AHLTA], version 3.3]) was queried to conﬁrm the accuracy of
the Current Procedural Terminology Code coding of incident
TTO for each service member previously identiﬁed in the M2
database. Demographic information including laterality, sex,
age, body mass index (BMI), tobacco use, military rank,
number of preoperative patellar instability events, and prior
ipsilateral knee surgery were recorded (►Table 1). The
incidence and types of perioperative complications following
patellofemoral surgery were recorded. Rank groups were
classiﬁed as either junior rank (junior enlisted service
members [E1–E6]) or senior rank (senior enlisted noncommissioned ofﬁcers [E7–E9]; warrant ofﬁcers [WO1–WO5];
and commissioned ofﬁcers [O1–O6]).
The outcomes analyzed were the current military status of
the service member 2 years or more following TTO for
patellofemoral instability, changes in visual analog scores
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Table 1 Risk factors for medical separation following tibial tubercle osteotomy for patellofemoral instability (N ¼ 51 service members)
Patients,
n (%)

Medical
separation,
n (%)

No medical
separation,
n (%)

OR (95% CI)

p-Value

Male

27 (53)

3 (11)

24 (89)

0.30 (0.07–1.35)

0.1165

Female

24 (47)

7 (29)

17 (71)

–

Junior rank (E1–E6)

34 (67)

7 (21)

27 (79)

1.21 (0.27–5.42)

Senior rank (E7 and above)

17 (33)

3 (18)

14 (82)

–

32 (63)

9 (28)

23 (72)

7.04 (0.82–60.8)

19 (37)

1 (5)

18 (95)

–

Sex

Rank group
0.8032

Age
< 29
29

0.076

Tobacco use
Yes

12 (24)

4 (33)

8 (67)

2.75 (0.63–1 2.1)

No

39 (76)

6 (15)

33 (85)

–

0.181

9 (18)

1 (11)

8 (89)

–

42 (82)

9 (21)

33 (79)

2.18 (0.24–19.8)

0.4882

Yes

7 (14)

1 (14)

6 (86)

0.65 (0.07–6.09)

0.7044

No

44 (86)

9 (20)

35 (80)

–

Yes

3 (6)

0 (0)

3 (100)

0.52 (0.02–17.2)

No

48 (94)

10 (21)

38 (79)

–

Yes

9 (18)

0 (0)

9 (100)

0.16 (0.01–3.54)

No

42 (80)

10 (24)

32 (76)

–

 25

21 (41)

7 (33)

14 (67)

4.5 (1.01–20.1)

> 25

30 (59)

3 (10)

27 (90)

–

51

10 (20)

41 (80)

Preoperative instability events
1
2
Bilateral procedure

Chondral repair/reconstruction
0.7166

Prior procedure
0.2481

BMI

BMI continuous
Total

0.84 (0.68–1.04)

0.0492
0.1119

Abbreviations: BMI, body mass index; CI, conﬁdence interval; OR, odds ratio.

(VAS) and occurrence of postoperative patellar instability.
The VAS are a verbal subjective pain value reported by the
patient at a value from 0 to 10 and scores were documented
at the time of the original patient encounter and at the ﬁnal
orthopedic clinic visit. Previous studies have deﬁned an
improvement of two points or a 30% reduction in the VAS
score as a clinically signiﬁcant difference.33–35 Postoperative
patellar instability includes patellofemoral dislocations or
subluxations as documented in the medical note.
The occupational requirements of military service members are described in detail within the standards of medical
ﬁtness for the Air Force, Army, and Navy.8–10 The Physical
Proﬁle (DA 3349) within the e-Proﬁle electronic proﬁling
system (version 3.17, Medical Operational Data System, Falls

Church, VA) is used to record all physical duty limitations in
addition to ﬁnal medical separations. All military service
members in the TTO for patellofemoral instability cohort
with documented initiation of a knee-related medical
separation after TTO were identiﬁed and cross-referenced
using the electronic medical record, U.S. Physical Disability
Agency database, or the e-Proﬁle system, and these individuals were classiﬁed as clinical failures for the current study.
Univariate analysis was used to assess the relationship
between the independent patient demographic and surgical
characteristic variables and the outcomes of a service member
being medically separated, postoperative patellar dislocation
and subluxation events and change in VAS. Signiﬁcant independent predictor variables were established as those that
The Journal of Knee Surgery

Anteromedializing TTO for Patellofemoral Instability

Belmont et al.

sustained p-values less than 0.05 with odds ratio (OR) and 95%
conﬁdence interval (CI) exclusive of 1. SAS software, version 9.4
(SAS Institute, Cary, NC), was used to perform all calculations.

Results
A total of 51 active duty military service members were
identiﬁed with 58 knees undergoing anteromedialization of
TTO for patellofemoral instability (44 unilateral, 7 bilateral).
The mean age of the patients at the time of TTO was 28.1
(standard deviation [SD]: 7.01, range: 20–56) years, while
the average BMI was 26.2 kg/m2 (SD: 3.8, range: 19–36). At
the time of surgery, patients had an average of 2.8 (range: 1–
12) patellar dislocation or subluxation events. The majority
of patients were male (53%), were younger than 29 years
(63%), had BMI greater than 25 kg/m2 (59%), were junior rank
group (67%), had 2 or more preoperative instability events
(82%), did not use tobacco (76%), and underwent a unilateral
TTO (86%; ►Table 1). The average follow-up from the time of
surgery was 3.3 (SD: 15.5, range: 2.0–6.7) years. Those
patients who underwent bilateral staged TTO procedures
had an average time interval of 11.8 months (SD: 13.9, range:
0–36). There were 10 knees in 9 service members who
underwent a prior ipsilateral knee surgical procedure, including 7 diagnostic knee arthroscopies, 2 meniscal repairs,
and 1 anterior cruciate ligament reconstruction. Distinct
patellofemoral cartilage defects were noted in 16 patients
(8 medial patellar facet, 3 lateral femoral condyle, 3 central
patellar, and 2 trochlear lesions), and 7 of these lesions were
of high grade (e.g., Outerbridge,36 grade 3 or 4). Cartilage
restoration procedures that were concurrently performed
with TTO included two autologous chondrocyte implantation and one particulated juvenile allograft cartilage procedure. Fixation of each TTO was achieved with two screws
(78%) or three screws (22%). The quadriceps angle averaged
19.8 degrees (SD: 3.9, range: 12–26) for the 17 knees for
which it was available. The tibial–tubercle trochlear groove
distance was available for 21 knees and averaged 18.3 mm
(SD: 4.5, range: 12–26).
At a minimum occupational follow-up period of 2 years
postoperatively, 41(80%) military service members returned
to full active duty service or fulﬁlled their remaining service
obligations, while 10 (20%) were medically separated secondary to persistent, rate-limiting knee symptoms. Univariate
analysis revealed that BMI  25 was the only signiﬁcant
predictor of medical separation following anteromedialization
of TTO (OR ¼4.50; 95% CI: 1.01, 20.14; p ¼ 0.49; ►Table 1).
The average VAS pain score demonstrated a signiﬁcant
improvement from 4.1 (SD:  2.1, range: 0–9) at baseline to
2.2 (SD:  1.6, range: 0–6) postoperatively (p < 0.0001).
Improvements in the pain scores following anteromedializing TTO were similar regardless of patient’s sex, age, BMI,
tobacco use, military rank group, number of preoperative
patellar instability events, unilateral versus bilateral procedure, or occurrence of a previous ipsilateral knee procedure
(►Table 2). Of the 58 knees undergoing anteromedialization
of TTO, there were a total of 12 (21%) knees with at least 1
postoperative patellar instability event at ﬁnal follow-up,
The Journal of Knee Surgery

including 1 of 12 patients with a concomitant medial patellofemoral ligament reconstruction: 9 (15.5%) cases of recurrent patellar subluxation and 3 (5.2%) cases of documented
patellar dislocation. All of these patients were managed
nonoperatively with a period of bracing and physical therapy. There were no statistically signiﬁcant associations between postoperative patellofemoral instability events and
patient-based surgical characteristics (►Table 2).
The anteromedialization of TTO was performed in conjunction with a concomitant proximal realignment procedure in 28
of the 58 knees (48%) and included 14 isolated lateral releases,
10 isolated medial patellofemoral ligament reconstructions,
2 medial reeﬁng procedures, and 2 medial patellofemoral
ligament reconstructions combined with a lateral release
(►Table 3). When comparing isolated anteromedializing
TTO patients to those who had an anteromedializing TTO
with a concomitant proximal realignment procedure, there
was no difference in medical separation (OR ¼ 3.03; 95% CI:
0.71, 12.8; p ¼ 0.13), VAS (OR ¼ 0.04; 95% CI: 1.13, 1.21;
p ¼ 0.95), or the presence of postoperative instability
(OR ¼ 2.18; 95% CI: 0.58, 8.27; p ¼ 0.25; ►Table 3).
Among the 58 knees undergoing anteromedialization of
TTO for patellofemoral instability, there were 4 major local
complications (6.9%) and 2 minor local complications
(3.4%; ►Table 3). The major complications included three
postoperative fractures through the osteotomy site and one
fracture through the patellar medial patellofemoral ligament
anchor site, and two of these knees subsequently underwent
open reduction and internal ﬁxation. The minor complications
included one case of postoperative arthroﬁbrosis successfully
treated with manipulation under anesthesia and arthroscopic
lysis of adhesions and one case of a superﬁcial wound infection
uneventfully treated with oral antibiotics. Additionally, 16
patients (31%) had hardware-related symptoms that resolved
with hardware removal. No patients underwent a secondary
patellofemoral realignment procedure.

Discussion
When compared with the civilian population, a young,
athletic cohort of U.S. military service members has a greater
than 10-fold higher risk for patellofemoral instability due to
their moderate- to high-demand occupational proﬁle.5,6 The
current investigation sought to evaluate the functional and
occupational outcomes within a military cohort following
anteromedialization of TTO and has considerable merit, as
these service members following rehabilitation are again
subjected to and must meet the demanding physical ﬁtness
and occupational demands required of military service that
bestows an ongoing increased risk of patellofemoral instability. The rate of return to preoperative function among
military patients following anteromedialization of TTO for
patellofemoral instability is 80% at a minimum of 2-year
follow-up, and this can be deemed moderately successful
considering their medium to very heavy37 occupational
demands.38,39 By comparison, a study of 36 civilian patients
with anteromedialization of TTO for patellar maltracking
reported that only 44% of patients returned to moderate or

Anteromedializing TTO for Patellofemoral Instability

Belmont et al.

Table 2 Subjective VAS scores and postoperative instability events following TTO for patellofemoral instability (N ¼ 58 knees)
Knees, n

Mean
pain score
preoperative

Mean
pain score
postoperative

Mean
difference
(95% CI)

p-Value

Instability
events 1

OR (95% CI)

p-Value

Male

31 (53)

3.7

2

1.7 (0.9–2.6)

0.3163

5 (19)

Referent

–

Female

27 (47)

4.7

2.4

2.3 (1.5–3.1)

–

7 (29)

1.81 (0.49–6.72)

0.3742

Junior rank (E1–E6)

39 (67)

4.3

2.2

2.0 (1.3–2.7)

0.8341

7 (21)

Referent

–

Senior rank (E7 and above)

19 (33)

3.9

2

1.9 (0.8–3.0)

–

5 (29)

1.61 (0.42–6.10)

0.4856

36 (62)

4.1

2.3

1.8 (1.1–2.6)

0.5138

5 (16)

Referent

–

22 (38)

4.2

2

2.2 (1.3–3.2)

–

7 (37)

3.15 (0.83,11.9)

0.0918

Yes

15 (26)

3.7

2.6

1.1 (0.3–2.4)

0.061

2 (17)

0.58 (0.11–3.11)

0.525

No

43 (74)

4.3

2

2.3 (1.7–2.9)

–

10 (26)

Referent

–

9 (16)

5.3

2.2

3.1 (0.7–5.5)

0.095

3 (33)

1.83 (0.38–8.81)

0.4491

49 (84)

3.9

2.2

1.8 (1.2–2.3)

–

9 (21)

Referent

–

Yes

14 (24)

3.6

1.6

2.0 (1.0–3.0)

0.9736

0 (0)

0.17 (0.01–3.97)

0.2726

No

44 (76)

4.3

2.4

2.0 (1.3–2.7)

–

12 (27)

Referent

–

Yes

3 (5)

6

1.7

4.3 (2.9–5.8)

0.0572

1 (33)

1.68 (0.14–20.4)

0.6824

No

55 (95)

4.1

2.2

1.9 (1.3–2.4)

–

11 (23)

Referent

–

Yes

10 (17)

3.5

2.4

1.1 (0.7–2.9)

0.1659

1 (11)

0.35 (0.04–3.15)

0.3504

No

48 (83)

4.3

2.1

2.2 (1.6–2.8)

–

11 (26)

Referent

–

 25

23 (40)

4.7

2.6

2.1 (1.1–3.1)

0.683

6 (29)

1.60 (0.44–5.89)

0.4794

> 25

35 (60)

3.8

1.9

1.9 (1.1–2.6)



6 (20)

Referent

Sex

Rank group

Age
< 29
29
Tobacco use

Preoperative instability events
1
2
Bilateral procedure

Chondral repair/reconstruction

Prior procedure

BMI

–

BMI continuous
Total

58

1.06 (0.90–1.25)

0.4861

12

Abbreviations: BMI, body mass index; CI, conﬁdence interval; OR, odds ratio; TTO, tibial tubercle osteotomy; VAS, visual analog score.

heavy labor, although this failed to classify the patient’s
preoperative occupational demand level.29 The only signiﬁcant risk factor for medical separation following anteromedialization of TTO was BMI  25. However, the clinical
signiﬁcance of this ﬁnding is difﬁcult to ascertain because
of the narrow BMI range evidenced by a standard deviation of
3.8 kg/m2 within the military cohort.
Among the 58 knees that underwent an anteromedialization of TTO procedure for patellofemoral instability, there was
statistically signiﬁcant decrease in the patient-reported VAS
of 46% (p < 0.0001), which would be deemed a clinically
important improvement.33–35 A recent meta-analysis concerning operative compared with nonoperative management
of recurrent patellar dislocation patients found that a signiﬁcantly higher rate of operative patients experienced no postoperative pain.40 Additionally, VAS improvements following
anteromedialization of TTO were similar across all demographic and surgical variables that were analyzed.

The postoperative patellar instability rates in military
service members with a minimum of 2-year follow-up
when reviewing all knees were patellar dislocation (5.2%)
and patellar subluxation (15.5%), for a total of 21%. Previous
reports of anteromedialization of TTO for patellofemoral
instability, including subluxation, have reported postoperative patellar instability rates between 6.0 and 16.9%.26,27,30
Previously reported rates of dislocation after distal realignment procedures range from 1.5 to 15.2%.19,23,26,27,30,31
Concomitant proximal soft-tissue procedures were performed in 48% of the knees in the current investigation.
When comparing isolated anteromedializing TTO knees to
those knees that underwent an anteromedializing TTO with a
concomitant proximal realignment procedure, medical separation (27 vs. 11%) and postoperative patellar instability events
(27 vs. 14%) occurred more frequently among the isolated
anteromedializing TTO knees, although this failed to achieve
statistically signiﬁcance. Medial patellofemoral ligament
The Journal of Knee Surgery
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Table 3 Medical separation, VAS score improvement, postoperative instability events, and complications with and without concomitant
procedures (N ¼ 58 knees with TTO)
Knees

Medical
separation,
n (%)

OR
(95% CI),
p-value

Mean
improvement
in VAS score

Mean difference
(95% CI),
p-value

Postoperative
instability
events 1
n (%)

OR
(95% CI),
p-value

Complications

No proximal
realignment

30

8 (27)

3.03
(0.71–12.9),
0.1327

2

0.04
(1.13–1.21),
0.9515

8(27)

2.18
(0.58–8.27),
0.2511

3

Proximal
realignment (referent)

28

3 (11)

Reference
group

1.96

Reference
group

4 (14)

Reference
group

3

MPFL reconstruction

10

2

2.1

1

2

MPFL reconstruction
þ lateral release

2

0

3.5

0

0

Medial reeﬁng

2

0

0.5

0

0

Open lateral release

1

0

2

0

0

Arthroscopic
lateral release

13

1

1.9

3

1

Total

58

11a

12

6

1.98
(1.4–2.6),
<0.0001

Abbreviations: BMI, body mass index; CI, conﬁdence interval; MPFL, medial patellofemoral ligament; OR, odds ratio; TTO, tibial tubercle osteotomy;
VAS, visual analog score.
a
This value includes those 10 patients medically separated which included one patient undergoing bilateral procedures.

reconstruction with adjunctive TTO has been shown to be a
more aggressive intervention that may be more prudent in
cases with increased tibial tubercle–trochlear groove distance
or severe trochlear dysplasia.24,25 A systematic review of
complications following TTO included 188 patients who underwent concomitant medial patellofemoral ligament reconstruction and showed signiﬁcant improvements in clinical outcome
measures in all studies, with reported failures less than 9%.24
Similarly, in this study, only 1 of the 12 patients with anteromedialization of TTO and concomitant medial patellofemoral
ligament reconstruction experienced patellar subluxation, and
there were no cases of subsequent dislocation. Additionally,
14 patients, all with preoperative patellar tilt, underwent an
anteromedialization of TTO performed with a concurrent
lateral release, which has been reported to have good results
in the management of patellofemoral instability and may
facilitate transfer of the tibial tubercle.31,41 Patellar realignment
solely by lateral release is not recommended, as it has failed to
improve anterior knee pain and instability at long-term followup.42 The decision to treat patellofemoral instability with TTO
and a concurrent proximal soft-tissue procedure or reconstruction must balance the factors causing patellofemoral instability
pain, loss of function, and risk of recurrence against the
potential morbidity of the combined procedure.
A total of four knees sustained a postoperative fracture
following anteromedialization of TTO with two (5.2%) occurring at the distal osteotomy hinge and one (1.7%) at the patellar
anchor site in a patient with a concomitant medial patellofemoral ligament reconstruction. Studies of greater than 190
anteromedializing TTOs have reported postoperative proximal
tibia fracture rates of 1.0 to 2.6%.43,44 In a systematic review
including 787 TTOs investigating postoperative complications,
Payne et al43 had an overall complication risk of 4.6% and found
The Journal of Knee Surgery

the risk of any complication was increased when the periosteal
hinge of the tibial tubercle was completely detached prior to
ﬁxation. In this study, all patients who sustained a postoperative fracture did so while being engaged in a sporting activity
less than 8 weeks after TTO. The complications of immediate
weight bearing and premature athletic activity after TTO have
been described in previous studies.43–45 This complication can
be avoided with appropriate preoperative counseling on
activity restrictions coupled with patient compliance, as
well as bicortical screw ﬁxation of the osteotomy.46 In this
study, 31% of service members experienced symptomatic
hardware at the osteotomy site, all of who underwent subsequent surgical removal with symptomatic relief. The military population may experience a high rate of painful
hardware symptoms following anteromedialization of TTO
due to frequent kneeling, crawling, squatting, or other loadbearing activities related to their military occupation.
It is noteworthy that the military service members treated
with a TTO for persistent lateral patellar subluxation or
dislocation were treated by multiple surgeons over the
course of the study. In the past decade, treatment algorithms
have evolved to where skeletally mature individuals with
recurrent patellar instability and a normal patellar height,
tilt, tubercle–trochlear groove distance without trochlear
dysplasia are likely best served with an isolated medial
patellofemoral ligament reconstruction.21 Based on the
risk–beneﬁt proﬁle of the anteromedialization of TTO, the
authors currently advocate for its use primarily in those
patients with a high tibial tubercle–trochlear groove distance (>15 mm) and/or signiﬁcant trochlear dysplasia with
persistent lateral maltracking, potentially augmenting it
with a medial patellofemoral ligament reconstruction to
diminish subsequent risk of further instability.
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Limitations

8 Army

This study has several limitations, many of which are due to its
retrospective nature. Mechanical axis alignment and tibial
tubercle–trochlear groove distance could not be evaluated as
standing anterior/posterior lower extremity full-length radiographs and axial magnetic resonance imaging/computed
tomography scans were inconsistently available for all
patients. This includes the quantity and quality of information
that could be reliably extracted from preexisting medical
records, including radiographic images, operative ﬁndings
such as lesion-speciﬁc variables (e.g., medial patellofemoral
ligament integrity), and involved surgical technique (e.g.,
degree of tibial tubercle translation, use of bone graft), and
radiographic measurements (e.g., patellar height, tibial tubercle–trochlear groove distance). Any prospectively gathered
outcome scores were also not available. Additionally, a military
population has generally required nonmodiﬁable physical and
occupational demands that may be difﬁcult to perform following anteromedialization of TTO. Therefore, a service member
may pursue a disability-associated medical separation as a
protective measure to prevent further disability that would
prevent civilian occupations as well.
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Conclusion
In summary, this is the sole investigation consisting of a
homogeneous patient cohort with moderate to heavy work
demands undergoing TTO for patellofemoral instability, with
a minimum of 2-year postoperative follow-up. After TTO, 80%
of service members successfully returned to preoperative
function or completed their military service. Postoperatively,
patellar instability occurred in 21% of service members,
whereas 6.9% of TTOs were complicated by a postoperative
osteotomy fracture.

10

11
12

13

14

15
16

17
18

19

20

21

22

References
1 Casteleyn PP, Handelberg F. Arthroscopy in the diagnosis of occult
2

3

4

5

6

7

dislocation of the patella. Acta Orthop Belg 1989;55(03):381–383
Atkin DM, Fithian DC, Marangi KS, Stone ML, Dobson BE, Mendelsohn C. Characteristics of patients with primary acute lateral
patellar dislocation and their recovery within the ﬁrst 6 months
of injury. Am J Sports Med 2000;28(04):472–479
Fithian DC, Paxton EW, Stone ML, et al. Epidemiology and natural
history of acute patellar dislocation. Am J Sports Med 2004;
32(05):1114–1121
Waterman BR, Belmont PJ Jr, Owens BD. Patellar dislocation in the
United States: role of sex, age, race, and athletic participation.
J Knee Surg 2012;25(01):51–57
Hsiao M, Owens BD, Burks R, Sturdivant RX, Cameron KL. Incidence of acute traumatic patellar dislocation among active-duty
United States military service members. Am J Sports Med 2010;
38(10):1997–2004
Sillanpää P, Mattila VM, Iivonen T, Visuri T, Pihlajamäki H.
Incidence and risk factors of acute traumatic primary patellar
dislocation. Med Sci Sports Exerc 2008;40(04):606–611
Lewallen L, McIntosh A, Dahm D. First-time patellofemoral dislocation: Risk factors for recurrent instability. J Knee Surg 2015;
28(04):303–309

23

24

25

26

27

28

Belmont et al.

Regulation 40–501: Standards of Medical Fitness.
Washington, DC: Department of the Army; 2011
Air Force Instruction 48–123: Aerospace Medicine Medical Examination and Standards. Washington, DC: Department of the Air
Force; 2009
Medical Examinations. In: Manual of the Medical Department
(MANMED), NAVMED P-117. Washington, DC: Department of the
Navy; 2014
Coﬁeld RH, Bryan RS. Acute dislocation of the patella: results of
conservative treatment. J Trauma 1977;17(07):526–531
Mäenpää H, Huhtala H, Lehto MU. Recurrence after patellar
dislocation. Redislocation in 37/75 patients followed for 6-24
years. Acta Orthop Scand 1997;68(05):424–426
Mäenpää H, Lehto MU. Patellar dislocation. The long-term results
of nonoperative management in 100 patients. Am J Sports Med
1997;25(02):213–217
Nikku R, Nietosvaara Y, Aalto K, Kallio PE. Operative treatment of
primary patellar dislocation does not improve medium-term
outcome: a 7-year follow-up report and risk analysis of 127
randomized patients. Acta Orthop 2005;76(05):699–704
Stefancin JJ, Parker RD. First-time traumatic patellar dislocation: a
systematic review. Clin Orthop Relat Res 2007;455(455):93–101
Franzone JM, Vitale MA, Shubin Stein BE, Ahmad CS. Is there an
association between chronicity of patellar instability and patellofemoral cartilage lesions? An arthroscopic assessment of chondral injury. J Knee Surg 2012;25(05):411–416
Mäenpää H, Lehto MU. Patellofemoral osteoarthritis after patellar
dislocation. Clin Orthop Relat Res 1997;(339):156–162
Erickson BJ, Mascarenhas R, Sayegh ET, et al. Does operative
treatment of ﬁrst-time patellar dislocations lead to increased
patellofemoral instability? A systematic review of overlapping
meta-analyses. Arthroscopy 2015;31(06):1207–1215
Cootjans K, Dujardin J, Vandenneucker H, Bellemans J. A surgical
algorithm for the treatment of recurrent patellar dislocation. Results at 5 year follow-up. Acta Orthop Belg 2013;79(03):318–325
Myers P, Williams A, Dodds R, Bülow J. The three-in-one proximal
and distal soft tissue patellar realignment procedure. Results, and
its place in the management of patellofemoral instability. Am J
Sports Med 1999;27(05):575–579
Weber AE, Nathani A, Dines JS, et al. An algorithmic approach to
the management of recurrent lateral patellar dislocation. J Bone
Joint Surg Am 2016;98(05):417–427
Otsuki S, Nakajima M, Fujiwara K, et al. Inﬂuence of age on clinical
outcomes of three-dimensional transfer of the tibial tuberosity
for patellar instability with patella alta. Knee Surg Sports
Traumatol Arthrosc 2017; doi: 10.1007/s00167-015-3825-z
Ding DY, Kanevsky R, Strauss EJ, Jazrawi LM. Anteromedialisation
tibial tubercle osteotomy for recurrent patellar instability in
young active patients: a retrospective case series. Injury 2016;
47(03):737–741
Longo UG, Berton A, Salvatore G, et al. Medial patellofemoral
ligament reconstruction combined with bony procedures for
patellar instability: current indications, outcomes, and complications. Arthroscopy 2016;32(07):1421–1427
Ahmad R, Calciu M, Jayasekera N, Schranz P, Mandalia V. Combined medial patellofemoral ligament reconstruction and tibial
tubercle transfer results at a follow-up of 2 years. J Knee Surg
2017;30(01):42–46
Tecklenburg K, Feller JA, Whitehead TS, Webster KE, Elzarka A.
Outcome of surgery for recurrent patellar dislocation based on
the distance of the tibial tuberosity to the trochlear groove. J Bone
Joint Surg Br 2010;92(10):1376–1380
Tigchelaar S, Van Essen P, Bénard M, Koëter S, Wymenga A. A selfcentering osteotomy of the tibial tubercle for patellar tracking
orinstability. Bone Joint J 2015;97-B:329–336
Fulkerson JP, Becker GJ, Meaney JA, Miranda M, Folcik MA.
Anteromedial tibial tubercle transfer without bone graft. Am J
Sports Med 1990;18(05):490–496, discussion 496–497
The Journal of Knee Surgery

Anteromedializing TTO for Patellofemoral Instability

Belmont et al.

29 Buuck DA, Fulkerson JP. Anteromedialization of the tibial tubercle: a
30

31

32

33

34

35
36
37

38

4- to 12-year follow-up. Oper Tech Sports Med 2000;8(02):131–137
Pritsch T, Haim A, Arbel R, Snir N, Shasha N, Dekel S. Tailored tibial
tubercle transfer for patellofemoral malalignment: analysis of
clinical outcomes. Knee Surg Sports Traumatol Arthrosc 2007;
15(08):994–1002
Tjoumakaris FP, Forsythe B, Bradley JP. Patellofemoral instability
in athletes: treatment via modiﬁed Fulkerson osteotomy and
lateral release. Am J Sports Med 2010;38(05):992–999
Ramappa AJ, Apreleva M, Harrold FR, Fitzgibbons PG, Wilson DR,
Gill TJ. The effects of medialization and anteromedialization of the
tibial tubercle on patellofemoral mechanics and kinematics. Am J
Sports Med 2006;34(05):749–756
Emshoff R, Bertram S, Emshoff I. Clinically important difference
thresholds of the visual analog scale: a conceptual model for
identifying meaningful intraindividual changes for pain intensity.
Pain 2011;152(10):2277–2282
Farrar JT, Young JP Jr, LaMoreaux L, Werth JL, Poole RM. Clinical
importance of changes in chronic pain intensity measured on an
11-point numerical pain rating scale. Pain 2001;94(02):149–158
Rowbotham MC. What is a “clinically meaningful” reduction in
pain? Pain 2001;94(02):131–132
Outerbridge RE. The etiology of chondromalacia patellae. J Bone
Joint Surg Br 1961;43-B:752–757
Dictionary of Occupational Titles. 4th ed., revised. Washington,
DC: US Department of Labor, Ofﬁce of Administrative Law Judges,
1991. Available at: http://www.oalj.gov/public/dot/refernces/dotappc.htm. Accessed September 12, 2016
Belmont PJ Jr, Heida K, Keeney JA, Hamilton W, Burks R, Waterman
BR. Return to work and functional outcomes following primary total

The Journal of Knee Surgery

39

40

41

42

43

44

45

46

knee arthroplasty in U.S. military servicemembers. J Arthroplasty
2015;30(06):968–972
Lombardi AV Jr, Nunley RM, Berend KR, et al. Do patients return to
work after total knee arthroplasty? Clin Orthop Relat Res 2014;
472(01):138–146
Smith TO, Song F, Donell ST, Hing CB. Operative versus
non-operative management of patellar dislocation. A metaanalysis. Knee Surg Sports Traumatol Arthrosc 2011;19(06):
988–998
Bellemans J, Cauwenberghs F, Witvrouw E, Brys P, Victor J.
Anteromedial tibial tubercle transfer in patients with chronic
anterior knee pain and a subluxation-type patellar malalignment.
Am J Sports Med 1997;25(03):375–381
Panni AS, Tartarone M, Patricola A, Paxton EW, Fithian DC. Longterm results of lateral retinacular release. Arthroscopy 2005;
21(05):526–531
Payne J, Rimmke N, Schmitt LC, Flanigan DC, Magnussen RA. The
incidence of complications of tibial tubercle osteotomy: a systematic review. Arthroscopy 2015;31(09):1819–1825
Stetson WB, Friedman MJ, Fulkerson JP, Cheng M, Buuck D.
Fracture of the proximal tibia with immediate weightbearing
after a Fulkerson osteotomy. Am J Sports Med 1997;25(04):
570–574
Bellemans JP, Cauwenberghs FP, Brys PP, et al. Fracture of the
proximal tibia after Fulkerson anteromedial tibial tubercle transfer. A report of four cases. Am J Sports Med 1998;26:300–302
Warner BT, Kamath GV, Spang JT, Weinhold PS, Creighton RA.
Comparison of ﬁxation methods after anteromedialization osteotomy of the tibial tubercle for patellar instability. Arthroscopy
2013;29(10):1628–1634

