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Stress Fracture after Tibial Tuberosity Osteotomy — Analyzing the

Contributing Factors

Anton Maliarov', Aviram Albagly *, Oren Ben-Lulu'

Learning Point of the Article:
Proximal tibial stress fractures are a rare but significant complication following tibial tuberosity osteotomy. Prevention relies on precise surgical
technique, gradual rehabilitation, and earlyidentification of symptoms, while surgical fixation remains areliable treatment when fractures arise.

Introduction: Tibial tubercle osteotomy (TTO) is an appropriate surgical procedure for patellar instability and chronic patellofemoral pain;
however, complications such as proximal tibial fracture occurin 1-1.8% of cases.

Case Report: A 19-year-old non-professional dancer underwent TTO with medialization for patellofemoral pain. Postoperatively,
rehabilitation followed a structured protocol. At 3 months, radiographs revealed an onset of stress fracture below the TTO site, progressing and
involving two-thirds of the tibial diameter on the last follow-up. Surgical fixation with a lateral tibial locking plate was performed to prevent
propagation. Ten months after plating, the fracture had fully consolidated, while a Knee Injury and Osteoarthritis Outcome score was 90.5, and

the hardware was removed without complications.

Conclusion: Proximal tibial stress fractures post-TTO are rare but require early recognition and intervention. This case highlights the caution
required in rehabilitation and the necessity of surgical intervention as a viable treatment to ensure proper fracture healing and successful

recovery.

Keywords: Tibial tubercle osteotomy, patellofemoral pain syndrome, proximal tibial stress fracture, surgical complications of the knee.

Introduction

Chronic patellar pain syndrome, lateral patellar instability, and
localized patellofemoral osteoarthritis are widely recognized
indications for tibial tubercle osteotomy (TTO) [1]. Several
surgical options exist for addressing patellar instability and/or
patellofemoral pain and osteoarthritis. These include soft-tissue
procedures such as medial patellofemoral ligament
reconstruction or repair, lateral patellar release, and various
femoral and tibial osteotomies [2]. While these techniques are
generally effective for most patients, complications may arise in
4-8% of cases [3].

Initially, the procedure outlined by Elmslie-Trillat involves
medial displacement of the tibial tuberosity (TT) to realign the
knee extensor mechanism [4]. However, other types of TT
transfer, such as distalization, anteriorization (Maquet’s
technique), and anteromedialization (Fulkerson’s technique),
arealso documented and canbe applied [ 5].

Proximal tibial fractures are uncommon and usually arise
intraoperatively or within 8—14 weeks postoperatively [6].

This article details a unique case of a stress proximal tibial
fracture that was initiated 3 months after TTO for chronic
patellofemoral pain syndrome. In addition, we analyze the

Access this article online

Website:
WWW.jocr.co.in

Dr. Anton Maliarov

Author’s Photo Gallery

Dr. Oren Ben-Lulu

Dr. Aviram Albagly

DOI:
https://doi.org/10.13107/jocr.2025.v15.i12.6502 Address of Correspondence:

Dr. Anton Maliarov,

E-mail: dr.antonmaliarov@gmail.com

'Department of Orthopedic Surgery, Bnai Zion Hospital, Haifa, Israel.

Department of Orthopedic Surgery, Bnai Zion Hospital, Haifa, Israel.

Submitted: 08/09/2025; Review: 27/10/2025; Accepted: November 2025; Published: December 2025

DOTI: https://doi.org/10.13107/jocr.2025.v15.i12.6502
© The Author(s). 2025 Open Access. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/),
which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http: //creativecommons.org/publicdomain/zero/1.0/ ) applies to the data
made available in this article, unless otherwise stated.

2025 Journal of Orthopaedic Case Reports| Published by Indian Orthopaedic Research Group




Maliarov A, etal

www.jocr.co.in

Figure 1: (a) Anteroposterior and (b) lateral view of the left tibia immediately
aftertibial tuberosity osteotomy fixed with 4.5 screws.

factors contributing to this fracture to enhance our surgical
technique and improve future post-operative rehabilitation
protocols.

Case Report

An athletic 19-year-old non-professional dancer experienced
worsening pain primarily in her left knee during physical
activities. She underwent surgery for an unstable and painful
patella, involving a TTO along with medialization. Her pre-
operative Knee Injury and Osteoarthritis Outcome Score
(KOOS) was 72. The TT-trochlear groove (TG) distance was
measured to 20 mm, and the Caton-Deschamps index was
calculated as 1.24, and the patellar tilt measured 18°, with
clinically excessive tightness, and the hip-knee angle was
aligned at 177°. A combined open and arthroscopic approach
wasapplied.

During the arthroscopic portion of the surgery in May 2023, a
grade 1 chondral lesion on the lateral patellar facet was
identified according to the Outerbridge classification, and
lateral retinacular release was performed. During the second
part, the tibial tuberosity (TT) was medialized by 1 cm and
secured with two 4.5 mm lag screws, achieving a TT-TG
distance up to 10 mm in the final measurement (Fig. 1).

Post-operative care was straightforward, with a weight-bearing
restricted protocol for 6 weeks. A removable knee extension
splint was adjusted by gradually increasing the range of motion
byan additional 30° every 2 weeks.

Throughout the 6 weeks, the knee’s range of motion was
progressively restored, with flexion not exceeding 90°. Isotonic
knee-locking exercises were postponed for 6 weeks, while
isometric contractions were encouraged. During a 3-month
follow-up outpatient visit, X-rays confirmed the spontaneous
onset of a stress fracture of the proximal tibia below the TTO
site, showing signs of progression on the next follow-up (Fig. 2).
The patient was advised to limit sports activities and postpone
dancing. However, the 10-month follow-up evaluation revealed
a significant progression of the fracture line, involving two-
thirds of the entire tibial diameter, leaving just the posterior
cortexintact (Fig. 3).

Fastly, a lateral tibial pre-modulated locking plate was applied to
prevent further fracture propagation and avoid prolonged cast
immobilization (Fig. 4). The same unlocked knee extension
brace was recommended, along with a full weight-bearing
protocol. Ten months after the plating procedure, the proximal
tibial stress fracture had consolidated, with the KOOS score
evaluated at 90.5 at that time (Fig. S). Later, the patient
underwent the removal of all hardware successfully (Fig. 6).

Discussion

Dependence of fracture occurrence on the type of
osteotomy

Figure 2: The lateral view demonstrates signs of a stress fracture along the
lower margin of the osteotomylevel, observed during the 3-month follow-up
evaluation.
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Figure 3: Anteroposterior view (a), lateral view (b), and sagittal computed tomography image (c) demonstrate
the critical progression of the fracture line, involving two-thirds of the entire tibial diameter.

Proximal tibial fractures occurring after TTO are observed in
approximately 1-1.8% of cases [3,7]. The risk of fracture
appearance depends on the osteotomy direction, the necessity
of distalization of the bone fragment [ 6], and the post-operative
weight-bearing protocol [ 8].

A cadaveric study conducted by Cosgarea et al. revealed that
mechanical stresses associated with a Fulkerson technique
osteotomy tend to result in proximal tibial fractures more
frequently, whereas those resulting from a flat osteotomy, such

as the Elmslie-Trillat technique, are
more likely to lead to fractures of the
tuberosity [9].

In our case, the flat osteotomy, as
described by Fulkerson, was
performed. Interestingly, the signs of
fracture progression began just after
3-4 months and progressed toward
the medial and lateral cortex, with
signs of obvious callus formation,
matching stress fracture
characteristics.

Healing of osteotomy

Healing at the osteotomy site can be
affected by host factors (patient age,
concomitant medical problems, and
previous surgery) and surgical issues
(osteotomy depth, fixation type, and post-operative
rehabilitation). In a series of 153 cases, Johnson et al. reported
that the rate of delayed union, defined as incomplete healing
based on radiographic criteria at 90 days, was notably higher in
cases involving TTO with distalization compared to those that
involved medialization alone [6]. Payne et al. documented
complication rates of 10.70% in patients with detachment of the
distal ridge during osteotomy, in contrast to a notably lower rate
of 3.30% observed in patients who maintained the distal

Figure 4: Anteroposterior view (a), lateral view (b) demonstrate the
immediate post-surgical view of fracture fixation with lateral tibial pre-
modulatedlocking plate.

Figure 5: Coronal view (a) and sagittal view (b) computed tomography
images demonstrate good consolidation of the fracture site.
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bearing protocol for 6 weeks with a protective
splint and did not participate in any sports
activities for 3 months.

Treatment

There are several options for the treatment of
fractures associated with TTO, and the approach
remains debatable, with a tendency toward
surgical intervention. Godde et al,, in their two-
patient study, reported success with conservative
cast treatment [ 11]. Similarly, Eager et al.,, in their
one-patient study, reported the same success with
cast immobilization treatment [12]. In Johnson’s

Figure 6: Anteroposterior view (a) and lateral view (b) demonstrate the post-removal tibia, study, the same cast treatment was implemented

showingawell-healed fracturesite.

attachment [3]. In addition, in one case report, the author
described a spontaneous fracture of the proximal tibia
originating from the TTO site, occurring 7 months after the
initial procedure [8].

In our case, the flat osteotomy without distalization, but with
the discontinuation of the distal ridge, was performed; however,
the osteotomy was confirmed as healed based on serial follow-
up radiographs after 3 months.

Rehabilitation

Salari et al. proposed a protocol involving 6-8 weeks of non-
weight-bearing status, alongside the use of a removable knee
extension splint. They advised that participation in high-impact
activities, contact sports, or any sports that generate significant
impact forces should be avoided for a period of 9-12 months
[9].

Stetson et al. emphasized that patients should remain non-
weightbearing initially, progress gradually to partial
weightbearing, and not resume full weightbearing until
radiographic confirmation of osteotomy healing, noting that all
reported fractures occurred only after postoperative protocols
were changed from partial weightbearing to immediate full
weightbearing. [10].

In our case, the patient was managed with a partial weight-

with success [6]. Pierre-Emmanuel Goetz etal., in
one patient, reported advances with plating of the
fracture area [8].

In our case, we opted for a lateral tibial pre-modulated locking
plate as the treatment option, primarily to prevent the
progression of the fracture.

Conclusion

Proximal tibial stress fractures are a rare but significant
complication following tibial tuberosity osteotomy. Prevention
relies on precise surgical technique, gradual rehabilitation, and
early identification of symptoms, while surgical fixation
remains areliable treatment when fractures arise.

Clinical Message

After careful consideration of all factors, to prevent proximal tibial
stress fractures after TT osteotomy, perform an oblique osteotomy,
use partial weight-bearing with protection for 6 weeks, avoid sports
for at least 3 months, and if a fracture occurs, stabilize early with a
locking plate to prevent progression.
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