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Abstract

Purpose. To evaluate the ability of patients to return to work following anteromedialization (AMZ) tibial tubercle osteotomy
(TTO) due to isolated patellofemoral osteoarthritis or pain. Methods. Consecutive patients undergoing AMZ TTO were
reviewed retrospectively at a minimum of | year postoperatively. Patients completed a subjective work questionnaire,
a visual analog scale for pain, as well as a Kujala questionnaire and satisfaction questionnaire. Results. Fifty-seven patients
(61 knees; average age: 32.7 = 9.6 years) were contacted at an average follow-up of 4.86 * 2.84 years postoperatively.
The preoperative Kujala score improved from 55.7 = 17.8 to 84.6 = 15.8 at final follow-up (P < 0.001). Thirty-seven
patients (64.9%) were employed within 3 years prior to surgery and 34 patients (91.9%) were able to return to work by
2.8 = 2.6 months postoperatively. However, only 27 patients (73.0%) of patients were able to return to the same level of
occupational intensity. Patients who held sedentary, light-, medium-, or high-intensity occupations were able to return to
work at a rate of 100.0%, 93.8%, 77.8%, and 100.0% by 2.2 months, 3.0 months, 3. months, and 4.0 months, postoperatively.
No patients underwent revision TTO or conversion to arthroplasty by the time of final follow-up. Conclusion. In patients
with focal patellofemoral osteoarthritis or pain, AMZ TTO provides a high rate of return to work (91.9%) by 2.8 = 2.6
months postoperatively. Patients with higher intensity occupations may take longer to return to work than those with less
physically demanding occupations. Level of Evidence. Ill.
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Introduction The ability to return to work (RTW) following surgical
intervention is an important factor for patients and is a con-
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TTO is commonly performed in younger patients who
comprise the work-force, it is imperative to counsel
patients on their timeline to RTW with regard to their
occupational intensity status. Zarkadis et al.'* demon-
strated that 78% of military service members were able to
return to duty following TTO with concomitant autolo-
gous chondrocyte implantation (ACI) due to patellofemo-
ral arthritis. However, additional information regarding
RTW following TTO is limited.

The purpose of this investigation is to evaluate the abil-
ity of patients to RTW following anteromedialization tibial
tubercle osteotomy due to isolated patellofemoral osteoar-
thritis or pain. We hypothesize that patients in higher-inten-
sity occupations will demonstrate a lower rate of RTW and
will have a higher duration of absence than those in lower-
intensity occupations.

Methods

Institutional review board approval was obtained prior to
initiating this investigation. Eighty consecutive patients
who underwent unilateral or staged bilateral AMZ TTO by
the senior author (B.E.S.S) due to isolated patellofemoral
pain or osteoarthritis from March 2004 to January 2015
were identified. Indications for TTO were patients who
were diagnosed with isolated patellofemoral pain or arthri-
tis and/or had a cartilaginous lesion. Lateral or inferior
patellar arthritis or cartilaginous lesions were indicated for
surgery since these lesions benefited from AMZ TTO.
However, patients with medial facet lesions were not indi-
cated for AMZ TTO since this would overload the medial
facet. Furthermore, patients were indicated for surgery if
they underwent nonoperative treatment for at least 6
months, which included nonsteroidal anti-inflammatory
drugs, physical therapy, knee extension brace, and joint
injections. Patients were included in this investigation if
they underwent AMZ TTO due to isolated patellar osteoar-
thritis or pain and had a minimum of I-year follow-up.
Patients were excluded if they underwent concomitant dis-
talization due to patella alta. Patients who were undergoing
concomitant TTO and MPFL reconstruction due to insta-
bility were excluded from this investigation. however,
patients with pervious history of patellar instability were
eligible for inclusion if the instability was successfully
treated and the primary purpose of the TTO was to treat
osteoarthritis or pain.

Patients with a functional telephone number or email
address were contacted to complete a subjective and
detailed questionnaire regarding their work status follow-
ing AMZ TTO. This questionnaire assessed demographic
characteristics, pre- and postoperative work status, as well
as patient satisfaction. Patients who were unable to be con-
tacted for follow-up had a disconnected phone number or
did not respond to attempts to have the questionnaire

mailed to their home. This questionnaire has been used
previously to describe work-related outcomes following
orthopedic procedures.!”?* Patients were inquired if they
held occupations within 3 years prior to surgery to ensure
that a cohort that comprised the workforce at the time of
surgery was included in the investigation. Work-intensity
status was stratified into low-, medium-, and high-intensity
occupational demands based on guidelines set forth by the
U.S. Department of Labor (Table 1)."° Patients also com-
pleted the Kujala questionnaire and the Visual Analogue
Scale for Pain.?® Preoperative diagnosis, demographic
information, comorbidities, intraoperative variables, com-
plications, and surgical history were collected from patient
records. Preoperative radiographs, including anteroposte-
rior, lateral, and bilateral Merchant views were used to
measure patellar height.?® Magnetic resonance imaging
was also used to assess for cartilage lesions, osteochondral
fragments, trochlear dysplasia, as well as the tibial tuber-
cle—trochlear groove (TT-TG) distance. The senior author
reviewed operative reports to assign the location and sever-
ity of patellar lesions using the Pidoriano and Outerbridge
classification systems.!'!2728

Surgical Technique

Diagnostic arthroscopy was performed prior to tibial tuber-
cle osteotomy. Loose body removal and lateral release was
indicated if the patella could not be moved to the neutral
position during examination under anesthesia. Following
diagnostic arthroscopy, a 5- to 6-cm longitudinal incision
was made along the lateral edge of the tibial tuberosity
beginning at the proximal tubercle and extending distally.
Capsulotomies were made on either side of the patellar ten-
don along its insertion on the superior aspect of the tuberos-
ity. The medial and lateral borders of the patellar tendon
were freed with blunt dissection to enable the tendon to be
mobilized and protected during tuberosity transfer.

The length of the TTO shingle was outlined with electro-
cautery to ensure a shingle of at least 5 cm.?” The anterior
compartment of the tibia was elevated from the subperios-
teal tibia and two 0.045-mm Kirschner wires were placed
from medial-to-lateral at the proximal and distal aspects of
the planned osteotomy site as a template for a frechand
osteotomy cut. The slope of the osteotomy was determined
by the angle of the proximal Kirschner wire with respect to
a perpendicular axis. The location of the arthritic lesions
determined the degree of medialization or anteriorization. A
40-mm sagittal saw blade was used to cut the tibia based on
the direction of the Kirschner wires and osteotomes were
used to complete the osteotomy.

At the proximal patellar tendon insertion site, a laterally
based biplanar cut was made,® while a uniplanar cut was
made at the distal insertion site. Following completion of
the osteotomy proximally, an incomplete fracture was
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Table |I. Categorization of Work by Demand.?

Demand Level

Description

Sedentary

Exerting up to 10 pounds of force occasionally or negligible amount of force frequently to lift, carry, push, pull, or

otherwise move objects. Sedentary work involves sitting most of the time, but may involve walking or standing
for brief periods of time. Jobs are considered sedentary if walking and standing are required occasionally and all

other sedentary criteria are met

Light Exerting up to 20 pounds of force occasionally, up to 10 pounds of force frequently, or a negligible amount of
force constantly. If lifted weight is a negligible amount, a job may be rated as light work if it requires (1) walking
or standing to a significant degree, (2) sitting a significant amount of time but requires constant pushing/pulling of
controls, or (3) working at a production pace, where an individual constantly pushes or pulls negligible weight.

Moderate
constantly.
Heavy
constantly to move objects.

Exerting 20-50 pound of force occasionally, 10-25 pounds of force frequently, or negligible to 10 pounds of force

Exerting 50-100 pounds of force occasionally, 25-50 pounds of force frequently, or 10-20 pounds of force

?Occasionally—activity or condition exists for up to one-third of the time. Frequently—activity or condition exists from one-third to two-thirds of
the time. Constantly—activity or condition that exists from two-thirds to most of the time. All physical demand requirements are in excess of the

previous level.

created such that the periosteum remained attached at the
distal insertion site. The tibial tuberosity was transferred en
bloc with the extensor mechanism to achieve the appropri-
ate anteriorization and medialization. The amount of medi-
alization was based on the preoperative TT-TG, with the
goal of achieving a postoperative TT-TG between 7 and 10
mm. The offset of the osteotomy was measured with an
osteotome and the shingle was then fixed with two 4.5-mm
fully threaded cortical screws. Any excess or protruding
bone was removed with a small rongeur.

Rehabilitation Protocol

Patients were placed on nonweightbearing status with a
hinged knee brace locked in extension for four weeks to
allow the osteotomy site to heal then patients are allowed to
progressively advance their weightbearing status until they
achieve full weightbearing by 6 weeks. At 2 weeks postop-
eratively, a home exercise program with quadriceps
strengthening isometric exercises was initiated. Patients
were progressed to formal physical therapy if there was
radiographic evidence of healing at the osteotomy site at 6
weeks. Patients were allowed to advance to all activities as
tolerated by 6 months postoperatively.

Statistical Analysis

Statistical analysis was performed using Microsoft Excel
(Microsoft, Seattle, WA) and RStudio software version
1.0.143 (R Foundation for Statistical Computing, Vienna,
Austria). Descriptive analysis of continuous variables
included means and standard deviations, while frequencies
and percentages were used to report discrete variables. The
Fischer exact test was used to compare rate of RTW while
analysis of variance was used to compare duration of RTW
across different occupational intensities. Paired-sample ¢

tests were used to assess changes in patient-reported out-
come measures. A binomial logistic regression was per-
formed to assess the effect of demographic and surgical
variables on patient likelihood of returning to work. All
tests for statistical significance were performed using
2-sided hypothesis testing with statistical significance set
at P = 0.05.

Results

Patient Demographics

Fifty-seven patients (61 knees; 71.3%) were contacted at an
average follow-up of 4.86 = 2.84 years (range: 1.5-11.7
years) postoperatively. Of these, 37 patients (40 knees)
were employed within 3 years of surgery (64.9%). Patient
demographics are provided in Table 2. Seventy-one percent
of patients had evidence of underlying trochlear dysplasia
on preoperative imaging.

The most frequently reported indications to pursue a
TTO were pain relief (90.0%), a desire to stay active
(40.0%), improve motion (17.5%), and to RTW (12.5%).
Fifteen knees (37.5%) underwent 1.5 = 0.7 procedures
prior to the AMZ TTO. Eleven knees (27.5%) underwent
a previous arthroscopic knee procedure, 7 knees (17.5%)
underwent a lateral release, and 5 knees (10.0%) received
a previous patellar cartilage procedure (2 microfracture
and 2 chondroplasty). Two knees (5.0%) successfully
underwent previous medial patellofemoral ligament
reconstruction for patellar instability without evidence of
recurrence. The sole indication of the TTO was to pro-
vide pain relief. At the time of AMZ TTO, concomitant
lateral release (70.0%), chondroplasty (70%; 62.5%
patellar, 7.5% trochlea), anterior compartment release
(20.0%), articular cartilage transplantation (DeNovo;
Zimmer, Warsaw, IN) for patellar cartilage defects
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Table 2. Patient Demographics. Table 3. Location of Patellar Lesions and Distribution of
Outerbridge Grade.
Variable Data
Pidoriano Classification
Age at the time of surgery, y, mean = SD 327 =96 Outerbridge
Age at the time of follow-up, y, mean = SD 376 = 113 Grade None  Typel Typell Typelll TypelV
i 2 + +
Body mass |:1dex, kg/m?, mean = SD 234 = 3.2 0 3(79) N _ I _
Gender, n (%)
| — 2 (5.3) — — I (2.6)
Female 31 (83.7)
2 — I (2.6) I (2.6) — —
Male 6 (16.3) 3 12316 3(79
Caton-Deschamps Index, mean = SD I.I £0.1 4 o . (28.9) o o 4 (Ib)S
TT-TG distance, mm, mean = SD 13.6 =34 (28.9) (10.3)
Smoking status, n (%) 3(8.1)
Dejour classification, n (%) Table 4. Average Postoperative Kujala Score Based on
Normal 9(29.0) Outerbridge Score and Location of Lesion.
A 9 (29.0)
B 5(16.1) Pidoriano Classification
c 7 (22.6) Outerbridge
D | 3 2) Grade None Typel Typell Typelll TypelV Total
Preoperative diagnosis, n (%) 0 82.3 — — — — 823
Osteoarthritis 27 (67.5) | — 65.5 — — 94.0 75.0
Pain 16 (40.0) 2 — 390 780 — — 58.5
Patella overload Il (27.5) 3 — 83.6 — — 75.7 82.0
Instability 7 (17.5) 4 — 900 — — 923  90.6
Total 823 832 780 — 863 846

TT-TG = tibial tubercle—trochlear groove.

(10.0%), meniscal debridement/meniscectomy (10.0%),
trochlear microfracture (10.0%), patellar debridement
(10.0%), fat pad debridement (5.0%), plica debridement
(2.5%), synovial debridement (2.5%), retinacular
debridement (2.5%), abrasion arthroplasty (2.5%), osteo-
phyte removal (2.5%), loose body removal (2.5%), and
retinacular reconstruction (2.5%) was performed.

Outerbridge grade 3 or 4 patellar lesions were present in
30 knees (78.9%) while concomitant trochlear lesions were
found in 15 knees (39.5%; 2 Outerbridge 1, 4 Outerbridge
2, 1 Outerbridge 3, 8 Outerbridge 4). Twenty-six knees
(68.4%) had type 1 patellar lesions along the inferior pole of
the patella according to the Pidoriano classification system
(Table 3).

Postoperative Complaints and Complications

Twenty-three patients (57.5%) reported at least one com-
plaint with their knee by the time of final follow-up. The
most common complaints were chronic pain (45.0%), stiff-
ness (12.5%), nerve injury (2.5%), fracture (2.5%), or insta-
bility (2.5%). Eleven patients (27.5%) returned to the
operating room 1.2 *= 0.4 times for residual symptoms.
Nine knees (22.5%) underwent removal of hardware while
only a single knee (2.5%) each underwent incision and
drainage, anterior compartment release, chondroplasty,
meniscal repair, and excision of the infrapatellar branch of
the saphaneous nerve due to symptomatic neuroma. No
patients underwent revision AMZ TTO or progression of

symptomatology that required total knee or patellofemoral
arthroplasty.

Validated Outcomes

The preoperative Kujala score improved from 55.7 = 17.8
to 84.6 = 15.8 (P < 0.001). The improvement in the Kujala
score was clinically significant as the minimal clinically
important difference in this patient population was 11.9.
The average postoperative Kujala score based on
Outerbridge rating and location of the lesion is provided in
Table 4. Thirty-six patients (90.0%) felt at least somewhat
satisfied with the outcome of their TTO and 34 patients
(80.0%) noted that their knee feels at least slightly better
than preoperatively. Furthermore, 37 patients (92.5%) felt
that their TTO provided at least some improvement in their
quality of life, and 29 patients (72.5%) stated that their knee
felt normal with activities of daily living. The average post-
operative pain score was 1.8 = 2.1.

Work Outcomes

Thirty-four patients (91.9%) were able to RTW by 2.8 * 2.6
months (range: 0.25-10.0 months) postoperatively. However,
only 27 patients (73.0%) of patients were able to return to
the same level of occupational intensity. Patients who held
sedentary, light-, medium-, or high-intensity occupations
were able to RTW at a rate of 100.0%, 93.8%, 77.8%, and
100.0%, respectively (Table 5). There was no relationship
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Table 5. Rate and Duration of Return to Work Stratified by Occupational Intensity.

Occupational Intensity ~ Working Before TTO (n)

Working After TTO (n)

Rate of RTW (%)  Average Time to RTW (Months)

Sedentary 10 10
Light 16 15
Medium 9 7
Heavy 2 2
Total 37 34

100.0 22+ 1.7
93.8 3.0 £33
77.8 3.1 =28
100.0 40 £28
91.9 28 =26

TTO = tibial tubercle osteotomy.

between the rate (P = 0.3) or duration (P = 0.8) of RTW and
occupational intensity.

Multivariate Analysis

On multivariate analysis, age (P = 0.1), body mass index
(P =0.7), TT-TG (P = 0.7), Caton-Deschamps ratio (P =
0.3), Dejour classification (P = 0.3), lesion location (P =
0.9), Outerbridge classification on the patella (P = 0.1) or
trochlea (P = 0.7), occupational intensity (P = 0.7), patient
satisfaction (P = 0.9), symptoms of instability (P = 0.3),
and tobacco users (P = 0.9) were not predictive of RTW.
However, female gender (odds ratio = 1.3, 95% CI [1.1-
1.7], P = 0.02) was a positive predictor of RTW.

Discussion

In this investigation, we demonstrated that 91.9% of patients
were able to RTW by 2.8 = 2.6 months following antero-
medialization tibial tubercle osteotomy for isolated patel-
lofemoral pain or osteoarthritis. There was no difference in
the rate or duration of RTW based on occupational inten-
sity; however, female gender was a positive predictor of
RTW. AMZ TTO is commonly performed in young, active
patients who comprise a significant proportion of the work
force; therefore, it is imperative that physicians adequately
counsel patients regarding their ability to RTW following
operative management.

RTW is an important factor for patients following elec-
tive procedures; however, RTW outcomes following AMZ
TTO due to isolated patellofemoral osteoarthritis or pain
are limited. Therefore, the results of this investigation can
be compared to other knee osteotomies. The rate of RTW
in this investigation (91.9%) is similar to the rate follow-
ing high tibial osteotomy (85%-90%)%3! as well as distal
femoral osteotomy (91%).3? Furthermore, the rate of RTW
following AMZ TTO is much higher than the rate of return
to duty (69%-78%) reported among military servicemem-
bers.!*3 The variation in these rates may be due to the
inclusion of patients who have lower occupational intensi-
ties than active military members or differences in defin-
ing return to duty or work. Following ACI for OA, patients
were unable to RTW for 3.4 months.>* The results of the

present investigation substantiate the findings by Pestka
et al.>* by demonstrating a similar duration until RTW (2.8
months) as well as dose-dependent relationship between
occupational intensity and duration of absence from work.
However, the variation in duration of RTW may be attrib-
uted to the inclusion, in their study, of 65.4% of patients
with a diagnosis other than patellofemoral arthritis.>* ACI
on the medial or lateral femoral condyle may be associated
with a higher morbidity than patellofemoral ACI, which
may result in additional absence from work.

Although statistically insignificant, patients in higher
intensity occupations were absent from work for a longer
duration than those in lower intensity occupations. Following
AMZ TTO, patients are instructed to maintain nonweight-
bearing status in a locked knee extension brace for 6 weeks
postoperatively. The rehabilitation protocol may be most
conducive to patients who occupy sedentary or low intensity
occupations as they may be able to RTW in full capacity or
make accommodations to return in some degree. Following
ACI, approximately 90% of patients younger than 30 years
experienced no reduction in occupational intensity while
half of patients older than 50 years decreased the level of
work.** Older patients may have additional comorbidities or
decreased activity intensity, which may contribute to the
inability to RTW. Zarkadis et al.'* demonstrated that age less
than 30 years and junior enlisted service members were
independent risk factors for failure to return to duty. Younger,
junior enlisted service members are more likely to hold more
physically demanding positions than older, senior enlisted
members, which can prevent successful return to active duty.
This finding highlights the interrelationship between age,
occupational intensity, and the ability to RTW following
operative management for isolated patellofemoral osteoar-
thritis. It is important to note that the relationship between
occupational intensity and the duration until RTW may be
skewed by the inclusion of only 2 patients who held high-
intensity occupations. Economic need, social factors, dis-
ability coverage, comorbidities, and health insurance
coverage are among several factors that effect a patient’s
motivation to RTW. Therefore, it is imperative that physi-
cians appropriately counsel patients regarding their ability
RTW following AMZ TTO since preoperative expectations
impact clinical outcomes.?>3¢
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Although no patients underwent revision AMZ TTO or
conversion to arthroplasty, 27.5% of patients returned to
the operating room for residual symptoms, with the most
common indication being removal of hardware. Similarly,
Zakardis et al.'> reported that 39.7% of knees returned to
the operating room following TTO + ACI for patellofem-
oral arthritis with the majority of patients undergoing
symptomatic removal of hardware. The rate of removal of
hardware following AMZ TTO has been reported to be as
high as 49%.'%373% Patients may undergo a hardware
removal due to the relationship between the tibial tuber-
osity and subcutaneous tissue, which results in prominent
hardware. Furthermore, 57.5% of patients in the present
investigation reported at least one complaint with their
knee by the time of final follow-up, with pain and stiff-
ness being the most common complaints. Younger patients
may participate in higher occupational or activity intensi-
ties, which may result in further degeneration of the patel-
lofemoral joint or operative site. Thus, younger patients
may experience more complications and residual symp-
tomatology following operative management for isolated
patellofemoral arthritis. AMZ TTO yields a high rate of
satisfaction and enables patients to RTW; however,
patients may continue to experience lingering symptoms
or morbidity from the operative site. The rate of revision
or conversion to arthroplasty remains low; therefore,
AMZ TTO may minimize or delay the need for patellar
arthroplasty in patients with isolated patellofemoral
arthritis.

It is imperative that the analysis of this investigation
must be interpreted within the context of its limitations. The
predominance of females, wide age range, and inclusion of
patients who were previously treated for patellar instability
in this investigation may hinder the external validity of
these findings. However, implementing a multivariate bino-
mial logistic regression minimized the effects of confound-
ing variables on RTW. Furthermore, this investigation is
subject to recall bias due to its retrospective nature.
However, the design of this investigation is similar to previ-
ous studies regarding RTW and patient satisfaction follow-
ing orthopedic procedures.'’?* This investigation is also
prone to nonresponse bias as well as beta error since 28.8%
of patients were unable to be contacted to complete the
questionnaire. Last, radiographic evaluation at final follow-
up was not performed to determine the effect of RTW and
other activities on the progression of patellofemoral arthri-
tis. However, no patients underwent conversion to knee
arthroplasty at final follow-up, which suggests that arthritic
progression is minimal.

Conclusion

In patients with focal patellofemoral osteoarthritis or pain,
AMZ TTO provides a high rate of RTW (91.9%) by 2.8 =

2.6 months postoperatively. Patients with higher-intensity
occupations may take longer to RTW than those with less
physically demanding occupations.
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