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Tibial Tubercle Osteotomy for Patellar Chondral
Pathology in an Active United States Military

Population

Tuesday F. Fisher, M.D., Brian R. Waterman, M.D., Justin D. Orr, M.D.,

Courtney A. Holland, M.D., Julia Bader, Ph.D., and Philip J. Belmont, Jr., M.D.
Purpose: To quantify rates of perioperative complications, secondary surgery, subjective pain relief, and knee-related
medical separation in an active military population after a tibial tubercle osteotomy (TTO) for the primary indication of
chondral pathology. Methods: All active-duty service members undergoing TTO with a minimum of 2 years’ follow-up
were isolated from the Military Health System database. The exclusion criteria were patients with patellar instability, other
periarticular osteotomy, and insufficient follow-up. Demographic information and surgical characteristics were abstracted
from the electronic health record and correlated with improvement in pain and medical discharge from the military.
Results: A total of 76 patients (86 knees) who underwent TTO for patellofemoral chondromalacia were identified with a
mean age of 32.3 years. Major and minor complications occurred in four patients (4.7%) and three patients (3.5%),
respectively, and the overall improvement in the visual analog scale score after TTO was 1.5 (P < .0001). At a mean
follow-up of 3.4 years (range, 2.0 to 7.3 years), 37% of patients were unable to return to modified military activity because
of knee-related limitations. Junior military rank group (P ¼ .0084), age younger than 35 years (P ¼ .0031), bilateral TTO
procedures (P ¼ .0294), and tobacco use (P ¼ .0218; odds ratio, 3.29; 95% confidence interval, 1.19 to 9.12) were risk
factors for medical separation, whereas absence of concomitant chondral repair (P ¼ .5408), previous knee procedures
(P ¼ .9674), and greater occupational demands (P ¼ .7062) were not. Conclusions: At short-term to midterm follow-up,
63% of patients successfully returned to military function with a low rate of perioperative complications (8%). The
postoperative decrease in pain after TTO is of unknown clinical significance. Age younger than 35 years, junior military
rank, bilateral TTO procedures, and tobacco use were significant risk factors for medical separation, whereas absence of
concomitant cartilage repair, previous knee procedures, and lower occupational demands were not associated with
improved visual analog scale scores or prevention of knee-related medical discharge. Level of Evidence: Level IV,
therapeutic case series.
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rticular cartilage injuries have been found to be
Apresent in approximately 60% of knee arthros-
copies, with grade II and III lesions of the patella among
the most common.1,2 Despite this prevalence, the
optimal treatment of symptomatic patellofemoral
chondral disease has yet to be determined. Ante-
romedializing TTO has been shown to result in signifi-
cant decreases in patellofemoral contact stresses3,4 and
favorable clinical outcomes for the primary or adjunc-
tive treatment of patellofemoral chondral lesions,
especially those involving the lateral facet and distal
patella.5-7 The contemporary results evaluating clinical
results after TTO are generally favorable, with good to
excellent patient satisfaction reported in patients with
(71% to 83%)8-11 or without (72% to 77%)12,13

concomitant cartilage restoration procedures at a min-
imum of 2 years’ follow-up. Autologous chondrocyte
implantation (ACI), when performed in conjunction
with TTO, has shown improved patient-reported
ery, Vol 32, No 11 (November), 2016: pp 2342-2349
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outcomes compared with ACI alone.8-11 However,
although patients may have a reliable decrease in pain,
many individuals may be unable to resume their pre-
vious level of sporting activities or higheoccupational
demand jobs after TTO.14

US military service members have higher rates of
lower extremity articular degeneration than age-
matched groups within the general population, in
large part because of the daily occupational demands
inherent to military service and rigorous physical fitness
requirements.15 All Army service members must be
able to perform essential military duties, which include
the ability to march 2 miles with an additional 40 lb of
equipment, deploy in an austere environment for up to
12 months, and conduct tactical field training.16,17 In
addition, all military personnel must pass the semi-
annual physical fitness testing, which includes a timed
aerobic event, and meet directed weight and body fat
composition standards.16,17 A medical discharge may be
initiated if an individual cannot comply with the
physical and occupational demands associated with
military service and further permanent duty limitations
are not practical or feasible. In prior series, overuse
knee pain was among the five most common limiting
conditions for deployed military service members,18

indicating a significant threat to peak physical function.
The existing literature assessing younger, high-

demand patient populations has inadequately
described their ultimate postoperative level of physical
activity. Few studies to date have evaluated patient-
reported and functional outcomes in athletic pop-
ulations after TTO,5,9,12 and no study has reported on
military patients’ return to a strenuous physical profile.
The purpose of this investigation was to quantify rates of
perioperative complications, secondary surgery, subjec-
tive pain relief, and knee-related medical separation in
an active military population after a tibial tubercle
osteotomy (TTO) for the primary indication of chondral
pathology. We hypothesized that TTO would be suc-
cessful for decreasing knee pain associated with patellar
chondral lesions while preventing medical separation
from the military. We also hypothesized that TTO would
be more successful when performed in conjunction with
a chondral restorative procedure.

Methods
After institutional review board approval, all active-

duty military service members undergoing a TTO
(Current Procedural Terminology [CPT] code 27418)
performed by a military surgeon between October 2006
andMarch 2012were identified using theMilitary Health
System Management Analysis and Reporting Tool data-
base. The inclusion criteria were any active-duty military
patients who underwent a TTO for patellofemoral chon-
dromalacia (or a chondral defect) at a military treatment
facility during the study period, with at least 24 months’
follow-up. The exclusion criteria were noneactive-duty
beneficiaries, individuals with less than 2 years’ clinical
follow-up, non-TTO periarticular osteotomies about the
knee, cases performed for patellofemoral instability, and/
or cases not performed for the confirmed diagnosis of
chondromalacia of the patella (International Classification of
Diseases, Ninth Revision code 717.7). This diagnosis was
based on findings during previous arthroscopy or pro-
vocative clinical examination (e.g., positive patellofe-
moral grind test, tenderness to palpation on the medial or
lateral facet, crepitation, and reproducible pain with
compression throughout range of motion) and confir-
matory magnetic resonance imaging interpreted and
documented in the medical record. If the medical record
indicated one or more patellar subluxation or dislocation
events or if the documented diagnosis included “patellar
instability” or “recurrent patellar dislocation,” the patient
was excluded. Pertinent demographic data including
sex, military rank, and age, as well as clinical variables
such as the underlying diagnosis of chondromalacia of the
patella, were extracted. To isolate cases with cartilage
repair or restoration procedures, concomitant procedures
including ACI (CPT code 27412), knee arthroscopy with
microfracture (CPT code 29879), and osteochondral
autograft (CPT code 27416) were isolated for subsequent
analysis. When available, additional data regarding
cartilage lesion size and location, as well as radiographic
parameters such as tibial tubercleetrochlear groove
(TT-TG) distance, were abstracted from the medical re-
cord or advanced radiographic imaging.
The US Department of Defense electronic health re-

cord was queried for every patient previously identified
in the database to confirm the accuracy of procedural
coding and to record laterality, body mass index, mili-
tary occupational specialty, branch of military service,
tobacco use, surgical indications, perioperative compli-
cations, secondary surgical procedures, clinical course,
patient-reported pain scores, and initiation of a medical
evaluation board for a medical discharge because of
continued, rate-limiting knee complaints. The rank
groups used were junior rank (junior enlisted service
members [E1 through E6]) and senior rank (senior
enlisted non-commissioned officers [E7 through E9],
warrant officers [WO1 through WO5], and commis-
sioned officers [O1 through O6]). The military occu-
pational specialties were designated as either combat
arms or combat support. Combat arms military occu-
pational specialties (e.g., infantry, cavalry, artillery, ar-
mor, special forces, and combat engineers) and military
branches (e.g., Marines) primarily engage in tactical,
land-based combat and are exposed to more frequent,
physically demanding field training and fitness regi-
mens in preparation for combat deployments. The
scope of occupational demands inherent to combat
support or service support occupations (e.g., human
resources, medical, and logistics) does not frequently
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require such rigorous training, although baseline
physical fitness requirements are still maintained. The
Pentagon Defense Manpower Data Center database was
cross-referenced to ascertain the occurrence of both
preoperative and postoperative combat deployments
for service members after TTO.
The primary outcomes of interest were the ability to

continue active-duty military function after TTO and
improvement invisual analog scale (VAS) score. TheVAS
represents a patient’s self-reported response to being
asked about his or her pain level on a 0- to 10-point scale,
and this value is recorded before each visit along with
pertinent vital signs. In this study we used this pain score
at the time of the first orthopaedic presentation for the
complaint of knee pain (preoperative) and the score at
final orthopaedic follow-up after TTO (postoperative).
Standards for medical fitness are outlined in the regula-
tions of the Air Force, Army, and Navy and include the
functional abilities required of service members.16,17,19

The Physical Profile (DA 3349) within the e-Profile
electronic profiling system (version 3.17; Medical Oper-
ational Data System, Falls Church, VA) is used to record
all physical duty limitations as well as completedmedical
discharges. The e-profiling system and Defense
Manpower Data Center database, which documents
medical separation paperwork and final board determi-
nationand/or currentmilitary association,was also cross-
referenced for thosepatients forwhommedical discharge
was initiated. Therefore,we believed that the initiation of
a medical evaluation board and medical discharge were
synonymous. TheUSPhysical DisabilityAgency database
and the e-Profile system were additionally queried for
eachpatient included in this study. The e-Profile system is
also used to impose permanent limitations on service
members with an illness or injury that does not prevent
deployment or basic physical requirements needed for
remaining on active duty. Patients who remained on
active duty despite implementation of a permanent pro-
file such as a modified physical fitness test were consid-
ered to have clinical success.
Univariate logistic analysis was used to determine the

association between the patient demographic variables,
surgical factors, and primary outcome measures
(change in VAS score and medical separation after
TTO). Significant independent predictors were deter-
mined to be those that maintained P < .05 with odds
ratios (ORs) and 95% confidence intervals (CIs)
exclusive of 1. SAS software (version 9.4; SAS Institute,
Cary, NC) was used to perform all calculations.

Results

Patient Demographic Data and Surgical
Characteristics
After application of the exclusion criteria, a total of 76

active-duty service members were isolated with 86 TTO
procedures (66 unilateral and 10 bilateral) at amean 3.4-
year follow-up (SD, 1.4 years; range, 2.0 to 7.3 years).
The average time interval between TTOs in the patients
with bilateral procedures was 8.8 months (SD,
8.6 months; range, 0 to 31 months), with one patient
undergoing simultaneous bilateral TTO (Table 1). The
mean age of the patients in this study at the time of TTO
was 32.6 years (SD, 6.6 years; range, 21 to 49 years), and
the mean body mass index was 28.3 kg/m2 (SD,
4.0 kg/m2; range, 20 to 37 kg/m2). All patients were
placed on temporary profile or duty restrictions that
limited running, jumping, ormarching activities because
of their knee pain before surgery. TT-TG distance data
were available for 19 patients (25 knees), with a mean
value of 16.5 mm (range, 11 to 22.5 mm). Quadriceps
angle (Q angle) data were available for 26 patients (32
knees); the mean Q angle was 18.4� (range, 8� to 22�).

Surgical Procedures
Eighty-six TTOs were performed by 42 surgeons at 15

different military treatment facilities. When the type of
TTO performed was examined, 75 knees (87%)
underwent anteromedialization procedures and 11
(13%) underwent primarily anteriorization procedures
of the tibial tuberosity. A total of 25 service members
(32%) underwent a concomitant articular cartilage
repair or restoration procedure, including 18 ACIs, 4
osteochondral autograft transfers, 2 particulated juve-
nile allograft cartilage implantations, and 1 micro-
fracture. Among the 86 knees that underwent a TTO for
chondromalacia, a total of 42 (49%) had undergone a
prior arthroscopic procedure. Most of these procedures
were diagnostic arthroscopies with no reported
interventions (Table 2).

Medical Separation and VAS Score
The overall improvement in the patient-reported VAS

score after TTO was 1.5 (SD, �2.0; range, �3 to 6),
which was statistically significant (P < .0001). Im-
provements in pain scores were similar regardless of
patient sex, age group, tobacco use, military rank
group, branch of service, combat arms designation, or
absence of concomitant chondral procedure (Table 3).
At a minimum of 2 years postoperatively, 37% of

service members (n ¼ 28) had a medical separation
because of persistent knee limitations whereas 63%
either returned to active duty or successfully completed
their remaining service commitment. No patients
showed significant improvement after initiation of their
knee-related medical discharge, given that this typically
transpired after a reasonable course of postoperative
rehabilitation and other adjunctive treatment. Risk
factors for clinical failure after TTO are shown in Table 1
and include junior military rank (P ¼ .0084; OR, 8.07;
95% CI, 1.71 to 38.16), age younger than 35 years (P ¼
.0031; OR, 5.44; 95% CI, 1.77 to 16.68), bilateral TTO



Table 1. Risk Factors for Medical Separation After TTO (76 Service Members)

TTO, n Medical Separation, n (%) No Medical Separation, n (%) OR (95% CI) P Value

Sex
Male 59 24 (41) 35 (59) 2.23 (0.65 to 7.66) .2035
Female 17 4 (24) 13 (76) Reference group

Rank group*

Junior 56 26 (47) 29 (53) 8.07 (1.71 to 38.16) .0084
Senior 20 2 (10) 18 (90) Reference group

Age
�35 yr 31 5 (16) 26 (84) Reference group .0031
<35 yr 45 23 (51) 22 (49) 5.44 (1.77 to 16.68)

Tobacco use
Yes 23 13 (57) 10 (43) 3.29 (1.19 to 9.12) .0218
No 53 15 (28) 38 (72) Reference group

Bilateral procedure
Yes 10 7 (70) 3 (30) 5.00 (1.18 to 21.27) .0294
No 66 21 (32) 45 (68) Reference group

Chondral procedure
Yes 25 8 (32) 17 (68) Reference group .5408
No 51 20 (39) 31 (61) 1.37 (0.50 to 3.77)

Prior procedure
Yes 42 17 (40) 25 (60) 0.98 (0.42 to 2.32) .9674
No 44 18 (41) 26 (59) Reference group

Branch of service
Army 48 25 (52) 23 (48) 29.3 (1.48 to 578.57) .0052
Navy 8 2 (25) 6 (75) 10.4 (0.38 to 285.04) .5423
Marines 7 1 (14) 6 (86) 6.2 (0.19 to 204.28) .9458
Air Force 13 0 (0) 13 (100) Reference group

Combat arms
Yes 12 5 (42) 7 (58) 1.27 (0.36 to 4.47) .7062
No 64 23 (36) 41 (64) Reference group

BMI
�30 31 13 (42) 18 (58) 1.44 (0.56 to 3.72) .4457
<30 45 15 (33) 30 (67) Reference group

BMI continuous 0.98 (0.87 to 1.10) .7025
Total 76 28 (37) 48 (63)

BMI, body mass index; CI, confidence interval; OR, odds ratio; TTO, tibial tubercle osteotomy.
*The junior rank group comprised E1 through E6; senior rank, E7 and above.
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procedures (P ¼ .0294; OR, 5.00; 95% CI, 1.18 to
21.27), and tobacco use (P ¼ .0218; OR, 3.29; 95% CI,
1.19 to 9.12). Interestingly, absence of concomitant
chondral restoration (P ¼ .5408; OR, 1.37; 95% CI, 0.50
to 3.77), previous knee procedures (P ¼ .9674; OR,
0.98; 95% CI, 0.42 to 2.32), and higher occupational
demands (e.g., combat arms; P ¼ .7062; OR, 1.27; 95%
CI, 0.36 to 4.47) were not significantly associated with
clinical failure.
Table 2. Medical Separation, VAS Score Improvement, and Comp

Knees Medical Separation,

Prior procedure 42 17 (40)
ACL reconstruction 6 2 (50)
Diagnostic arthroscopy* 21 6 (28)
Arthroscopic meniscectomyy 10 6 (60)
Arthroscopic lateral release 3 2 (66)
Arthroscopy with microfracture 2 1 (50)

No prior procedure 44 18 (40)

ACL, anterior cruciate ligament; VAS, visual analog scale.
*Includes diagnostic arthroscopy with minimal chondroplasty.
yDoes not include total meniscectomy.
Eight service members (10.5%) performed a combat
deployment, and all remained on active duty at a
minimum of 2 years postoperatively. Table 4 contains
pertinent demographic and surgical information, as
well as the clinical course, for these patients.

Complications and Reoperation
There were four major local complications in four

knees (4.7%). Postoperative fracture through the
lications in Patients With Versus Without Previous Procedures

n (%) Mean Improvement in VAS Score Complications, n

1.5 5
2.1 1
1.5 2
1.3 1
1.3 0
1.5 1
1.5 2



Table 3. Occupational Outcomes and Subjective VAS Scores After TTO for Chondromalacia (76 Service Members)

TTO, n Medical Separation, n (%)

Mean Pain Score (SD)

Mean Difference (95% CI) P ValuePreoperative Postoperative

Sex
Male 59 24 (41) 4.9 (1.7) 3.4 (2.1) 0.30 (�0.80 to 1.39) .5893
Female 17 4 (24) 4.8 (1.9) 3.7 (1.7)

Rank
Junior 56 26 (47) 5.0 (1.7) 3.5 (2.1) 0.56 (�0.46 to 1.58) .2768
Senior 20 2 (10) 4.4 (1.8) 3.4 (1.7)

Age
<35 yr 45 23 (51) 5.1 (1.7) 3.7 (2.0) 0.09 (�0.84 to 1.02) .8587
�35 yr 31 5 (16) 4.6 (1.8) 3.2 (1.9)

Tobacco
Yes 23 13 (57) 5.5 (1.9) 3.9 (2.1) 0.29 (�0.71 to 1.28) .5653
No 53 15 (28) 4.6 (1.6) 3.3 (1.9)

Chondral procedure
Yes 25 8 (32) 4.4 (1.2) 3.6 (1.7) �0.79 (�1.74 to 0.17) .1054
No 51 20 (39) 5.1 (1.9) 3.5 (2.1)

Prior procedure
Yes 42 17 (40) 5.0 (1.8) 3.4 (2.0) 0.41 (�0.44 to 1.28) .3371
No 44 18 (41) 5.0 (1.7) 3.5 (2.1)

Bilateral procedure
Yes 10 7 (70) 6.1 (2.1) 4.1 (2.1) 0.68 (�0.66 to 2.03) .3153
No 66 21 (32) 4.7 (1.6) 3.4 (1.9)

Branch of service
Army 48 25 (52) 4.9 (1.8) 3.6 (2.0) �0.17 (�1.35 to 1.01) .7739
Navy 8 2 (25) 5.0 (1.9) 3.5 (2.3) 0.04 (�2.20 to 2.27) .9716
Marines 7 1 (14) 4.9 (2.1) 2.9 (2.3) 0.54 (�1.63 to 2.71) .6082
Air Force 13 0 (0) 4.9 (1.3) 3.5 (1.8) Reference group

Combat arms
Yes 12 5 (42) 4.7 (2.2) 3.8 (2.3) �0.58 (�1.83 to 0.66) .3543
No 64 23 (36) 4.9 (1.7) 3.4 (1.9)

BMI
�30 31 13 (42) 4.9 (1.6) 3.5 (1.9) �0.14 (�1.03 to 0.79) .7584
<30 45 15 (33) 5.0 (1.8) 3.5 (2.1)

Total 76 28 (37) 4.9 (1.7) 3.5 (2.0)

BMI, body mass index; CI, confidence interval; SD, standard deviation; TTO, tibial tubercle osteotomy; VAS, visual analog scale.
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osteotomy site occurred in two knees (2.3%), including
one patient with revision open reductioneinternal
fixation (Table 5), and delayed union of the TTO was
identified in two additional knees (2.3%). All three
minor local complications involved postoperative
arthrofibrosis (three knees, 3.5%), including one pa-
tient requiring subsequent manipulation under anes-
thesia and lysis of adhesions. In addition, 10 patients
Table 4. Characteristics and Complications of Service Members W

Patient No. Sex Rank Group* Age, yr Tobacco Use
Concomitant Ch

Procedur

1 M Junior 22 Yes OAT
2 F Junior 29 No None
3 M Junior 30 No OAT
4 F Junior 30 No None
5 M Junior 38 No ACI
6 M Senior 40 No None
7 M Junior 40 Yes None
8 M Senior 49 No ACI

ACI, autologous chondrocyte implantation; F, female; M, male; OAT, os
*The junior rank group comprised E1 through E6; senior rank, E7 and
(11.6%) had hardware-related symptoms, all of whom
underwent subsequent hardware removal. No patients
underwent conversion to a patellofemoral or total knee
arthroplasty at short-term to midterm follow-up.

Discussion
This study showed that nearly two-thirds of military

service members resumedmoderate to high occupational
ho Deployed After Tibial Tubercle Osteotomy

ondral
e Bilateral

Branch of
Service Complications of Deployment

No Army None
No Army None
No Marines None
No Air Force Knee pain and mechanical symptoms
No Army None
No Navy None
Yes Army Knee pain
No Army Knee pain and mechanical symptoms

teochondral autograft transfer.
above.



Table 5. Major and Minor Local Complications After
TTO by Procedure (86 Knees)

n (%)

Major complication 4 (4.7)
Fracture through osteotomy 2 (2.3)
Delayed union of osteotomy 2 (2.3)

Minor complication 3 (3.5)
Arthrofibrosis 3 (3.5)

Reoperation 2 (2.3)
ORIF of TTO 1 (1.2)
Lysis of adhesions 1 (1.2)

ORIF, open reductioneinternal fixation; TTO, tibial tubercle
osteotomy.
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demands within the military at a minimum of 2 years’
follow-up after TTO for patellofemoral chondral disease.
A principal consideration when performing osteotomy
for articular disease in physically active individuals is
whether patients are able to return to work and/or their
previous level of activity. In a limited series of 36 civilian
patients undergoing anteromedializing TTO for patellar
maltracking with articular damage, Buuck and Fulker-
son5 reported that 19% and 25% of patients successfully
resumed heavy labor and moderate labor, respectively,
whereas half only performed sedentary occupations and
6% were disabled without employment. Their study
failed to report preoperative occupational demand cate-
gories and included a comparatively heterogeneous pa-
tient population. Conversely, the occupational categories
of all military servicemembers in our investigationwould
be classified as medium to very heavy, as described in
previous studies.18,20-23 Within this framework, the
functional return rates after TTO can be deemed
modestly successful. Accordingly, these data can be used
as a benchmark for assessing occupational outcomes in
other active patient populations with increased physical
demands.
Other works documenting return to sporting activity

after TTO have been limited by variability in the dura-
tion of follow-up and inconsistencies in outcome
reporting. Several studies have confirmed that only
37% to 52% of individuals undergoing TTO return to
their previous level of athletic function, with or without
associated cartilage restoration.7,8 By comparison, the
activity profile of military service members, particularly
those in more rigorous military occupations, may
eclipse the physical demands seen in analogous athletic
civilian populations. This might adversely affect the
ability to return to military service and not the ability to
return to athletic activities in general. Conversely, the
increased rate of patients returning to athletic or mili-
tary activity in our study could be a reflection of
physical fitness as a factor in career advancement,
providing increased motivation to return to previous
levels of activity and the overall success of TTO in
military patients.
Previous investigations have not reported on the
determinants of military occupational function after
TTO for patellar chondrosis. Age younger than 35 years,
junior rank group, bilateral surgery, and tobacco use
were associated with an increased risk of clinical failure
in our active-duty military patients. Other research has
shown that younger patients undergoing TTO with or
without concomitant articular cartilage restoration had
greater improvements in pain and functional outcome
measures, likely because of decreased lesion chronicity
and relatively greater remodeling potential.5,8,10,11

However, younger service members and those within
the junior rank group are generally exposed to
increased physical demands during military training
and combat deployments, and these individuals may be
less capable of modifying occupational activity within a
military hierarchy. In addition, the rate of medical
separation among patients with documented tobacco
use was over three-fold greater than that in patients
without it (P ¼ .0218). Although this did not correlate
with an increased rate of complications in this subset
(e.g., nonunion), nicotine dependence is a known
modifiable risk factor that negative affects local vascular
perfusion, soft-tissue healing, and corresponding
clinical outcomes. As a result, smoking cessation should
be emphasized for patients undergoing periarticular
osteotomy to optimize the chance for a successful
return to preoperative function.
Realignment or off-loading osteotomy likely repre-

sents the most critical intervention for patellar chondral
lesions, particularly in the presence of maltracking.
More recent clinical data suggest that combined chon-
dral restoration and off-loading TTO may synergistically
enhance functional outcomes, especially with diffuse,
pan-patellar lesions.8-11 However, our study did not
identify a significant difference in occupational end-
points among military service members with or without
a concomitant articular cartilage repair (e.g., micro-
fracture) or restoration procedure (e.g., ACI or osteo-
chondral autograft transfer). Furthermore, military
service members undergoing a TTO for a chondral
lesion had similar rates of improvement in subjective
pain scale scores, irrespective of adjunctive chondral
procedures. This could be the result of insufficient po-
wer of our study or possible selection bias because pa-
tients with patellar instability were intentionally
excluded. More rigorous patient standardization,
greater statistical power, and broader patient-reported
outcome measures may be necessary to fully elucidate
the added value of various chondral procedures
alongside TTO.
The overall improvement in the patient-reported

VAS score after TTO was 1.5. This decrease in the
pain score was statistically significant (P < .0001).
However, it is unknown whether this translates to
clinically significant pain relief. According to previous
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publications, a relative decrease of 20 to 30 mm on the
VAS approximates the minimal clinically important
difference,24-26 but this has not been previously
extrapolated to a verbal 10-point self-reported scale. In
addition, the small change in average VAS score may
be attributable to varying levels of physical function
postoperatively.
Among the 86 TTOs in this series, there were a total

of 7 local complications (8.1%), of which 4 were major
(4.7%) and 3 were minor (3.5%). There were two
fractures (2.3%) at the osteotomy site, which is similar
to previously reported rates of this complication of
2.0% to 6.0%.7,12,27,28 Arthrofibrosis occurred in three
patients (3.5%) after TTO, although only one indi-
vidual required manipulation under anesthesia and
lysis of adhesions. Buuck and Fulkerson5 reported that
in 6.9% of patients, significant losses of range of
motion developed after TTO that warranted manipu-
lation under anesthesia. In our study, only 11.6% of
service members had hardware-related pain at the
osteotomy site, all of whom underwent surgical
removal. Hardware-related symptoms after TTO fixa-
tion are not uncommon and vary widely by author,
with reported rates of 12% to 81%.5,7,12,28 In a recent
systematic review of complications after TTO, Payne
et al.27 reported a hardware removal rate of 36.7% in
787 TTOs. Although not major sequelae, it is impor-
tant to note that hardware-related symptoms could
develop as a result of frequent bending, crawling, or
other load-bearing activities among military service
members, prompting secondary return to the oper-
ating room.
Although TTO reduces anterior pain and improves

overall lower extremity function, its impact on return to
work has not been sufficiently explored. Preoperative
counseling of physically active patients undergoing TTO
should include a discussion of activity modification after
this procedure, including the potential for difficulty
with kneeling5 or mild pain with sporting and other
high-impact activities. Postoperatively, many patients
in this study were placed on permanent profile
restrictions to limit the frequency or duration of
running, regardless of whether a medical separation
was initiated. However, the surgeon’s rationale for
imposing postoperative restrictions may not necessarily
reflect a patient’s inability to perform these high-impact
activities. For instance, such a restriction may be used as
a protective measure against further injury or as a
means of preserving longer-term knee function after
TTO. In addition, patients with significant occupational
demands should have realistic expectations concerning
return to previous employment. Further research is
needed to clarify more long-term outcomes in patients
resuming moderatee to higheoccupational demand
jobs after TTO. This may afford more effective patient
education detailing the risks, economic costs, and
psychosocial benefits associated with a return to their
chosen occupations.

Limitations
There are limitations to this investigation. First, this is

a retrospective evaluation of prospectively gathered
data, which restricts the amount of information that
could be reliably extracted from pre-existing medical
records. Several notable parameters were not consis-
tently available in this study, including validated func-
tional outcome scores, lesion-specific variables (e.g.,
size, grade, and location of chondral defect), surgical
technique (i.e., degree of tibial tubercle translation, type
of fixation, and use of bone graft), and radiographic
data (e.g., patellar height and TT-TG distance). In
addition, half of the patients did not undergo a diag-
nostic arthroscopy before TTO; therefore, the diagnosis
of chondral pathology was based on the operating
surgeon’s interpretation of advanced imaging. In all
instances, we were not able to independently confirm
the diagnosis through review of arthroscopic or mag-
netic resonance images. The lack of routine access to
raw radiographic images also precluded independent
calculation of the TT-TG distance, the Q angle, and
other morphologic data, so these parameters could not
be consistently quantified. Second, our military popu-
lation generally has required, non-modifiable physical
and occupational demands that may be difficult to
perform after TTO. Third, we acknowledge that a
service member may pursue a disability-associated
medical separation for secondary gain or as a protec-
tive measure to prevent further injury. Fourth, our
study may be underpowered to identify additional risk
factors for “failure” or “success” after TTO in this pop-
ulation, and these endpoints are subjectively defined.
Finally, we acknowledge the presence of possible
selection bias after the exclusion of patients with TTO
indicated for patellofemoral instability or insufficient
follow-up. Although the addition of these patients
would contribute greater statistical power, the decision
to exclude them was made for numerous reasons.
Previously published studies evaluating TTO outcomes
did so with a heterogeneous patient population that
included patients with both chondral lesions and a high
preponderance of patellar instability.5-10 Admittedly,
these pathologies do often present together; however,
not all patients with patellofemoral chondral lesions
will have patellofemoral instability. The outcomes of
patients with TTO for chondral pathology may differ
significantly from those of patients with patellofemoral
instability, particularly with concomitant medial patel-
lofemoral ligament reconstruction. In recognition of
this distinction, we believed that the results of this
study may have greater internal and external validity
when evaluating a disease- or pathophysiology-specific
patient subset undergoing treatment with TTO.
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Conclusions
At short-term to midterm follow-up, 63% of patients

successfully returned to military function with a low
rate of perioperative complications (8%). The post-
operative decrease in pain after TTO is of unknown
clinical significance. Age younger than 35 years, junior
military rank, bilateral TTO procedures, and tobacco use
were significant risk factors for medical separation,
whereas absence of concomitant cartilage repair,
previous knee procedures, and lower occupational
demands were not associated with improved VAS
scores or prevention of knee-related medical discharge.
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