
World Journal of
Orthopedics

ISSN 2218-5836 (online)

World J Orthop  2022 May 18; 13(5): 411-543

Published by Baishideng Publishing Group Inc



WJO https://www.wjgnet.com I May 18, 2022 Volume 13 Issue 5

World Journal of 

OrthopedicsW J O
Contents Monthly Volume 13 Number 5 May 18, 2022

REVIEW

Update in combined musculoskeletal and vascular injuries of the extremities411

Stefanou N, Arnaoutoglou C, Papageorgiou F, Matsagkas M, Varitimidis SE, Dailiana ZH

Coronal plane deformity around the knee in the skeletally immature population: A review of principles of 
evaluation and treatment

427

Coppa V, Marinelli M, Procaccini R, Falcioni D, Farinelli L, Gigante A

ORIGINAL ARTICLE

Retrospective Study

Insufficient lateral stem contact is an influencing factor for significant subsidence in cementless short stem 
total hip arthroplasty

444

Suksathien Y, Chuvanichanon P, Tippimanchai T, Sueajui J

Distal femur complex fractures in elderly patients treated with megaprosthesis: Results in a case series of 
11 patients

454

Zanchini F, Piscopo A, Cipolloni V, Fusini F, Cacciapuoti S, Piscopo D, Pripp C, Nasto LA, Pola E

Observational Study

Prevalence and factors of work-related musculoskeletal disorders among hand surgeons465

Alqahtani SM, Alzahrani MM, Bicknell R, Pichora D

What factors are important to new patients when selecting an orthopedic oncologist?472

Gusho CA, Patel V, Lee L, Blank AT

SYSTEMATIC REVIEWS

Anterior vertebral body tethering for idiopathic scoliosis in growing children: A systematic review481

Bizzoca D, Piazzolla A, Moretti L, Vicenti G, Moretti B, Solarino G

Effect of non-steroidal anti-inflammatory drugs on fracture healing in children: A systematic review494

Stroud S, Katyal T, Gornitzky AL, Swarup I

Prosthetic joint infection of the hip and knee due to Mycobacterium species: A systematic review503

Santoso A, Phatama KY, Rhatomy S, Budhiparama NC

Prophylactic fixation of the unaffected contralateral side in children with slipped capital femoral epiphysis 
seems favorable: A systematic review

515

Vink SJC, van Stralen RA, Moerman S, van Bergen CJA



WJO https://www.wjgnet.com II May 18, 2022 Volume 13 Issue 5

World Journal of Orthopedics
Contents

Monthly Volume 13 Number 5 May 18, 2022

CASE REPORT

Intramedullary bone pedestal formation contributing to femoral shaft fracture nonunion: A case report 
and review of the literature

528

Pasque CB, Pappas AJ, Cole Jr CA

Extensive adhesion formation in a total knee replacement in the setting of a gastrointestinal stromal tumor: 
A case report

538

Mitchell S, Lee A, Stenquist R, Yatsonsky II D, Mooney ML, Shendge VB



WJO https://www.wjgnet.com III May 18, 2022 Volume 13 Issue 5

World Journal of Orthopedics
Contents

Monthly Volume 13 Number 5 May 18, 2022

ABOUT COVER

Editorial Board Member of World Journal of Orthopedics, Farid Amirouche, MS, PhD, Professor, Department of 
Orthopedics Surgery, University of Illinois at Chicago, Chicago, IL 60612, United States. amirouch@uic.edu

AIMS AND SCOPE

The primary aim of World Journal of Orthopedics (WJO, World J Orthop) is to provide scholars and readers from 
various fields of orthopedics with a platform to publish high-quality basic and clinical research articles and 
communicate their research findings online. 
    WJO mainly publishes articles reporting research results and findings obtained in the field of orthopedics and 
covering a wide range of topics including arthroscopy, bone trauma, bone tumors, hand and foot surgery, joint 
surgery, orthopedic trauma, osteoarthropathy, osteoporosis, pediatric orthopedics, spinal diseases, spine surgery, 
and sports medicine.

INDEXING/ABSTRACTING

The WJO is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of 
Science), Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and 
Technology Journal Database, and Superstar Journals Database. The 2021 edition of Journal Citation Reports® cites 
the 2020 Journal Citation Indicator (JCI) for WJO as 0.66. The WJO's CiteScore for 2020 is 3.2 and Scopus CiteScore 
rank 2020: Orthopedics and Sports Medicine is 87/262.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Ying-Yi Yuan; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Orthopedics https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2218-5836 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

November 18, 2010 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Massimiliano Leigheb https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http://www.wjgnet.com/2218-5836/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

May 18, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
http://www.wjgnet.com/2218-5836/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJO https://www.wjgnet.com 427 May 18, 2022 Volume 13 Issue 5

World Journal of 

OrthopedicsW J O
Submit a Manuscript: https://www.f6publishing.com World J Orthop 2022 May 18; 13(5): 427-443

DOI: 10.5312/wjo.v13.i5.427 ISSN 2218-5836 (online)

REVIEW

Coronal plane deformity around the knee in the skeletally immature 
population: A review of principles of evaluation and treatment

Valentino Coppa, Mario Marinelli, Roberto Procaccini, Danya Falcioni, Luca Farinelli, Antonio Gigante

Specialty type: Orthopedics

Provenance and peer review: 
Invited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Abulsoud MI, Egypt

Received: February 25, 2021 
Peer-review started: February 25, 
2021 
First decision: July 28, 2021 
Revised: October 2, 2021 
Accepted: April 8, 2022 
Article in press: April 8, 2022 
Published online: May 18, 2022

Valentino Coppa, Mario Marinelli, Roberto Procaccini, Danya Falcioni, Luca Farinelli, Antonio 
Gigante, Clinical Orthopaedics, Department of Clinical and Molecular Sciences, Università 
Politecnica delle Marche, Ancona 60121, Italy

Corresponding author: Antonio Gigante, MD, Full Professor, Clinical Orthopaedics, 
Department of Clinical and Molecular Sciences, Università Politecnica delle Marche, Via 
Tronto 10/A, Ancona 60121, Italy. scienza.clinortop@gmail.com

Abstract
Coronal plane deformity around the knee, also known as genu varum or genu 
valgum, is a common finding in clinical practice for pediatricians and ortho-
pedists. These deformities can be physiological or pathological. If untreated, 
pathological deformities can lead to abnormal joint loading and a consequent risk 
of premature osteoarthritis. The aim of this review is to provide a framework for 
the diagnosis and management of genu varum and genu valgum in skeletally 
immature patients.

Key Words: Genu varum; Genu valgum; Pediatric deformity; Knee deformity; Guided 
growth; Osteotomy; Lower limb deformity

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Physiological angulation requires no treatment other than clinical observation. 
If the clinical picture is doubtful, a long-standing X-ray of the lower limb is required for 
clarification. Once a pathological alignment is determined by X-ray, a differential 
diagnosis is needed to establish whether the deformity is idiopathic or a secondary 
condition. Furthermore, any associated deformities in other planes (e.g., rotation or 
length difference) should be evaluated. Pathological alignment should be treated for at 
least two reasons: To interrupt the vicious circle described by the Hueter-Volkmann law 
and to prevent premature degeneration of the joint. Both of these conditions stem from 
abnormal load distribution. Guided growth should be considered every time a coronal 
deformity of the knee is foreseen in a skeletally immature patient. Although 
comparative studies are lacking in the literature, this technique has a high success rate 
with few complications and a low impact on the patient and the family.

https://www.f6publishing.com
https://dx.doi.org/10.5312/wjo.v13.i5.427
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INTRODUCTION
Coronal angular deformities around the knee in children are a common finding in pediatric orthopedic 
surgery. However, a majority of these deformities, such as genu varum and genu valgum, are 
physiological and correspond to the normal changes in mechanical axis (MA) alignment that take place 
from birth to adolescence.

The purpose of this paper is to provide a review of the recent literature concerning: (1) The definition 
of normal (physiological) alignment and pathological genu valgum and genu varum; (2) The practical 
clinical approach for patients with a coronal angular deformity around the knee; and (3) A brief 
description of specific pathologies.

The Medline, Embase, Web of Science, and Cochrane Systematic Review databases were searched for 
studies published in English up to 31 August 2020. The primary search terms were “knee” AND 
“valgum”; “knee” AND “varum”; “normal” AND “lower” AND “limb” AND “alignment”. Papers were 
screened by title and abstract to identify relevant articles. Their reference lists were checked manually 
for additional articles. Studies involving skeletally mature patients were excluded (these studies were 
only included in the analysis of the lower limb alignment range).

Definition of normal alignment and the natural history of coronal angular deformity of the knee in the 
skeletally immature
To understand deformities of the lower extremity, it is first important to understand and establish the 
parameters and thresholds of normal alignment. Every long bone, such as the femur and the tibia, has a 
mechanical and an anatomical axis (AA) (Figure 1). The MA of the lower limb is the line connecting the 
center of the femoral head and the midpoint of the tibiotalar joint. The femorotibial mechanical angle 
(FTMA) is the angle formed by the intersection of the mechanical axes of the femur (MAF) and the tibia 
(MAT). The AA of the lower limb is the AA of the femur and the tibia, which forms the femorotibial 
anatomical angle (FTAA). The MA deviation (MAD) is defined as the distance between the center of the 
knee and the MA[1].

Salenius and Vankka[2] reported that the femorotibial angle (FTA) develops physiologically from a 
varus alignment in the newborn (with an angulation of 10 to 15 degrees) to a neutral alignment at 18-20 
mo and a valgus alignment at 3 years. Indeed, the mature FTAA is reached at approximately 8 years 
and is approximately 6 degrees of valgus (8 degrees in females and 7 degrees in males)[2-4]. Therefore, 
the persistence of genu varum beyond 2 years may be considered abnormal[5], whereas a valgus 
deformity greater than 15 degrees that persists after 8-10 years rarely corrects itself with growth[6].

A wide range of values for normal lower limb alignment has been reported in the literature[2,7]. 
However, it has been established that the FTMA tends to be neutral or slightly varus (1.3 ± 2 degrees) 
with the MA passing through or immediately medial to the center of the knee[1,8,9]. Indeed, the normal 
MAD is reported to be 8 ± 7 mm medial to the center of the knee joint line[1]. The knee joint line is 
reported to be approximately 3 degrees off the perpendicular line, as a consequence of a 3-degree valgus 
inclination of the distal femur and a 3-degree varus inclination of the proximal tibia[4]. The MAD falls 
away from the center of the knee in coronal angular deformities of the knee. Genu varum is defined as 
an increased FTA with the MA passing through the medial portion of the knee joint. Genu valgum is 
defined as a reduced FTA with the MA passing through the lateral portion of the knee joint[1].

ASSESSMENT
History
A careful medical history can help to differentiate between physiological and pathological coronal 
angular deformity (Table 1). A family history of short stature, varus or valgus alignment, and metabolic 
or genetic diseases should be ascertained. Personal history taking should also consider the child’s stage 
of development and rule out any traumatic or pathological conditions (e.g., infectious or rheumatic 
diseases)[5,6].

Physical examination
The clinical evaluation should include the patient’s general appearance, stature, and height percentile. 

https://www.wjgnet.com/2218-5836/full/v13/i5/427.htm
https://dx.doi.org/10.5312/wjo.v13.i5.427
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Table 1 Principal causes of pathological genu varum and genu valgum

Genu varum Genu valgum
Idiopathic

Tibia vara (blount disease)

Infantile form

Adolescent form

Post-traumatic

Physeal bar

Malunion

Cozen’s phenomenon

Metabolic

Rickets

Renal disease

Local disorders

Infectious

Tumor or tumor-like lesion

Generalized disorders

Metabolic (e.g., rickets, renal osteodystrophy)

Constitutional disease of bone (i.e., bone dysplasia)

Juvenile arthritis

Neuromuscular

Femoral anteversion, tibial torsion, and the foot’s appearance should be assessed. The evaluation of the 
lower limb should look for any coronal plane, sagittal plane, or translational deformities. This paper will 
only discuss coronal plane deformities.

The intermalleolar (IM) and intercondylar (IC) distances are used to assess coronal plane deformity, 
although some researchers dispute the clinical utility of this, on account of poor reproducibility[5,6,10,
11]. Staheli[7] states that knee angle variations measured using FTA, IM, or IC and falling within the 
range of two standard deviations above or below the mean are physiological conditions. Thus, 
pathological genu varum and genu valgum are true frontal plane deformities that are outside the 
normal range of two standard deviations above or below the mean[6,12,13].

Specifically, persistent varus deformity with an IC distance greater than 5 cm in patients older than 3 
years, and valgus deformity (IM distance greater than 7 cm) in patients older than 7 years should be 
considered abnormal[10,12,14,15]. Obesity, femoral anteversion, external rotation of the tibia, and flat 
foot with out-toed stance can exaggerate the IM distance and the appearance of genu valgum, whereas 
internal tibial torsion can give an overestimated IC distance and the appearance of genu varum[10].

Radiographs
A long-standing, weight-bearing radiograph (including the pelvis, the hips, the knees, and the ankle) 
should be obtained every time pathological genu valgum or genu varum is suspected. In particular, a 
varus deformity should be evaluated by radiograph if[16]: (1) It persists or progresses beyond 18-24 mo 
of age or does not resolve; and (2) There is asymmetric deformity.

Radiographs should be obtained for genu valgum if[6]: (1) The patient is older than 7 years with a 
tibiofemoral angle greater than 15 degrees and/or an IM distance of more than 7 cm; (2) The genu 
valgum is associated with short stature (below the 25th percentile) or if there are other musculoskeletal 
abnormalities; and (3) There is asymmetric involvement.

Radiograph parameters
Paley and Tetsworth[17], Paley et al[18] standardized the approach to the radiographic evaluation of 
lower limb deformities and summarized and published it as a step-by-step method called “the 
malalignment test”, which determines the source(s) of the malalignment (Figure 2). Long-standing films 
(anteroposterior and lateral) should be obtained including the hips, knees, and ankles. Proper 
positioning is important: The knees should be straight and the patella facing forward.



Coppa V et al. Coronal plane deformity in children

WJO https://www.wjgnet.com 430 May 18, 2022 Volume 13 Issue 5

Figure 1 Lower limb axes evaluated in long standing X-ray. FTMA: Femorotibial mechanical axis; MAF: Mechanical axis of the femur; AAF: Anatomical 
axis of the femur; MAT: Mechanical axis of the tibia; AAT: Anatomical axis of the tibia.

TREATMENT
Observation
Patients with physiological varus or valgus knee (that is, who fall within the two standard deviations 
from the normal value for their age or within the second zone on the X-ray) require no treatment other 
than observation. Parents should be reassured that it is not a true deformity or disease, but a variant of 
normal lower limb alignment, which usually corrects spontaneously. These patients should be clinically 
evaluated every 3-6 mo to monitor the deformity. Radiographic assessment should be repeated if there 
is suspicion of clinical worsening[6]. Conservative treatment (e.g., shoe wedges or bracing) is not 
effective, is poorly tolerated, and is unnecessary in cases of physiological deviation[5-7,10].

Surgical treatment
It is generally accepted that a significant deformity that persists into preadolescence will not correct 
spontaneously. Physiological alignment of the lower limb is crucial for the symmetrical distribution of 
weight over the surfaces of the joints, especially the knee. Indeed, severe coronal malalignment has been 
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Figure 2 The malalignment test. The mechanical axis (MA) is traced from the center of the femoral head to the center of the ankle. The metaphyseal-diaphyseal 
angle (MAD) is calculated in millimeters (dotted lines in the image traced from center of knee and MA). If the MAD exceeds the threshold of normality, it is necessary 
to find the source of the deformity. The mechanical lateral distal femur angle. Medial proximal tibial angle are evaluated. A: Varus; B: Normal; C: Valgus. MAD: 
Metaphyseal-diaphyseal angle; MPTA: Medial proximal tibial angle; mLDFA: Mechanical lateral distal femur angle.

linked to knee pain, altered gait, and occasionally patellofemoral problems[19]. Moreover, it can 
contribute to the development of osteoarthritis of the knee[11,20-22]. Additionally, MA deviation in the 
lateral or medial compartment can lead to compression in the lateral or medial physis, thereby further 
delaying growth as a result of the Hueter-Volkmann effect[23].

Preoperative planning
Preoperative planning could involve the malalignment test on a long-standing X-ray, as described by 
Paley and Tetsworth[17] (Figure 2): (1) Evaluation of MA and MAD. The first step is tracing the MA of 
the lower limb (e.g., from the center of the femoral head to the center of the ankle). The MA should pass 
through the center of the knee joint. If the MA axis does not go through the center of the knee joint, there 
is a MAD. Furthermore, the MA deviation can be classified into three zones as defined by Müller and 
Müller-Färber[24]. When the MAD exceeds the normal range (e.g., > 8 ± 7 mm medial to the center of the 
knee joint line[1]) or the MA passes to the first zone[23,24] a pathological malalignment is present and 
the following steps will determine the origin of the deformity; (2) Measurement of the mechanical lateral 
distal femur angle (n.v. = 87.5 ± 2.5): The lateral angle between the MAF and the line through the 
femoral condyles; (3) Measurement of the medial proximal tibial angle (n.v. = 87.5 ± 2.5): The medial 
angle between the MAT and the line through the tibial plateaus; (4) Measurement of the joint line 
convergence angle (n.v. = 0-2 degrees medial convergence): The angle between the femoral condyle and 
the tibial plateau joint line. This helps to evaluate any source from the ligament or capsular laxity or 
joint cartilage loss; (5) Ruling out a medial or lateral subluxation: The midpoints of the femur and the 
tibia should be aligned; and (6) Ruling out an intraarticular origin of the malalignment: The femoral 
condyles and the tibial plateaus should be aligned with respect to each other. A depressed or elevated 
femoral condyle or tibial plateau may indicate an intraarticular source of malorientation.

The method described evaluates deformities near the knee. Deformities away from the knee should 
be investigated using the center of rotation of angulation (CORA) method and other angles such as the 
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Figure 3  Staple hemiepiphysiodesis.

lateral proximal femur angle and the lateral distal tibial angle[25] whose description is beyond the scope 
of this article.

The authors stress that these measurements are only reliable if the X-ray projection is anteroposterior 
with the knee in the frontal plane, which is defined as the position where the patella is centered in the 
femoral condyles[18,26]. This means that care must be taken to place the patient in the patella forward 
position, rather than in the feet forward position, as the latter is affected by tibial torsion and leads to 
incorrect measurement[18].

General indications
Surgical correction of coronal angular knee deformities is indicated if: (1) The MA falls within zone 2 
and the patient is symptomatic; and (2) The MA is beyond zone 2[23,24]. If the deformity only involves 
the distal femur or the proximal tibia, the correction should only take place within the affected bone. If 
the deformity originates from both the femur and the tibia and is symmetrical, both bones should be 
treated. If, on the other hand, the deformity is asymmetrical, only the bone whose angle (LTFA and 
MTFA) deviates more than 5 degrees from the reference values should be treated[7,27].

How to treat pathological genu varum and genu valgum
In growing children, the treatment strategies for coronal angular deformities around the knee are: (1) 
Hemiepiphysiodesis; and (2) Osteotomy.

Hemiepiphysiodesis: It is well known that the physis is the area where bones grow. Epiphysiodesis is a 
surgical procedure that consists of the iatrogenic arrest of the growth plate to control the growth of 
immature bone. Epiphysiodesis can be partial (hemiepiphysiodesis) or complete and its duration can be 
permanent or (potentially) reversible[28].

Hemiepiphysiodesis on the convex side of the deformity should be preferred to osteotomy in 
skeletally immature patients with coronal angular deformity around the knee and who have reasonably 
sufficient growth remaining for them to reach the expected correction[28]. The prerequisites for coronal 
angular deformity correction include a minimum of 2 years of growth remaining and a deformity 
originating from or in the immediate vicinity of the growth plate[10].

Permanent hemiepiphysiodesis: Phemister[29] described an open procedure for surgical closure of the 
growth plate. In 1993 Terry Canale[30] reported a percutaneous epiphysiodesis technique involving 
mechanical disruption of the growth plate induced by a combination of drills, burrs, and/or curettes.
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Figure 4  Tension band plate hemiepiphysiodesis for correcting genu valgum deformity.

In 1998 Métaizeau et al[31] described percutaneous epiphysiodesis using transphyseal screws (PETS), 
which uses the compressive force of fully threaded cannulated screws to inhibit the growth of the 
physis. The screw is inserted into the metaphysis, crosswise through the growth plate and into the 
epiphysis on the opposite side, or in a straight direction into the epiphysis on the same side. It is 
reported that at least four screw threads should be engaged within the epiphysis to achieve sufficient 
compression[32]. PETS is sometimes referred to as reversible epiphysiodesis with screw removal. 
However, some authors report that the physis fuses quite quickly after screw placement and that the 
technique is not reliably reversible[33].

Permanent epiphysiodesis for coronal deformity is associated with low cost, minimally invasive 
procedures, and low cosmetic impact. It is an attractive option for patients who are near skeletal 
maturity because it eliminates implant-related complications and the unpredictability of the rebound 
effect. However, this technique requires accurate preoperative planning in order to time the procedure 
precisely, which is essential for achieving the exact estimated correction[11]. Inappropriate timing of 
surgery could lead to under- or overcorrection of the deformity[34]. Ferrick et al[35] suggest performing 
permanent hemiepiphysiodesis if there are 1 or 2 years of growth remaining and stress the importance 
of close follow-up. If correction is achieved before maturity, epiphysiodesis should be completed with 
or without contralateral epiphysiodesis to control leg length equality.

Temporary (or reversible) hemiepiphysiodesis (growth plate modulation)
The longitudinal growth of long bones occurs at the level of the growth plates, which are affected by 
mechanical loading as a result of the Hueter-Volkmann law. Summarizing, the tensile forces that 
increase growth rate and compression decrease activity in the growth plate[36,37]. Growth plate 
modulation is induced by a surgical device tethered to one side of a growing physis, thereby allowing 
differential growth[36].

Staples: Haas[38] was the first to describe a reversible epiphysiodesis technique using wires over the 
growth plate. However, this technique became more popular after the studies of Blount and Clarke[39], 
who controlled growth by epiphyseal stapling (Figure 3). Satisfactory results with correction of the 
deformity are reported in 80%-85% of cases. Implant failure with staple extrusion or breakage is 
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Figure 5 Radiographic measurement of Drennan’s metaphyseal-diaphyseal angle. The metaphyseal-diaphyseal angle (MDA) is measured from a 
perpendicular line to the tibial diaphyseal axis and a line passing through the axial plane of the proximal tibial metaphysis. An MDA > 10 degrees associated with a 
tibiofemoral angle > 20 degrees indicates a toddler at risk. MDA: Metaphyseal-diaphyseal angle.

observed in approximately 10% of treated physes.

Tension band plate (guided growth): Stevens[40] coined the term “guided growth” and proposed an 
alternate device consisting of a small, non-rigid extraperiosteal plate locked by two screws - one 
proximal and one distal to the physis - serving as a focal hinge at the perimeter of the physis (Figure 4). 
The critical difference between Blount’s staple and Stevens’ plate is that the former is rigid and 
compresses the physis, whereas the latter is a non-rigid device and acts as a tension band plate (TBP)
[40]. This difference means a lower risk of plate extrusion and the need to insert only one plate.

Stevens’ classic TBP, known as the 8-plate, consists of a non-locking plate and two screws. Owing to 
the high cost of these classic plates, particularly in developing countries, some authors report good 
results using 2-hole 3.5 mm stainless steel reconstruction plates and 4 mm non-cannulated cancellous 
screws[41].

Steven[40] reports a faster correction rate using the TBP instead of staples. However, several other 
studies show faster correction with staples, suggesting that the latter implant causes immediate 
compression to the physis, whereas the tension plate becomes effective a few months after insertion[42]. 
There is some debate in the literature about the angle of the screws during implantation. In a recent 
clinical study, Eltayeby et al[43] show that the initial screw angle (0-30 degrees) does not significantly 
affect the rate of correction, and they recommend inserting screws taking account of anatomical 
restrictions to avoid the physis, rather than favoring parallel, divergent or widely divergent configur-
ations.
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Figure 6  High tibial osteotomy for genu varum correction.

Some authors report a modified surgical technique called the “sleeper plate”[44,45]. In this modified 
TBP, when the deformity is corrected, the metaphyseal screw is removed and the plate with the 
epiphyseal screw is left in place. If the deformity recurs, only the metaphyseal screw needs to be 
reinserted.

Outcomes and complications of reversible hemiepiphysiodesis
The success rate of growth plate modulation in the literature is reported to be close to 100% in idiopathic 
cases with a low complication rate[11,19,46]. Pathological cases have a slightly lower success rate and a 
higher complication rate[19,46]. Adverse events can be divided into: (1) Failure to achieve the correction: 
This is defined as the failure of the screws to diverge during treatment and to correct the deformity. The 
risk factors for failure are related to body mass index (BMI), age, and underlying etiology[46]. The rate 
of this complication differs in the studies present in the literature. It has been reported as being close to 
0% for idiopathic cases. In pathological physes, the failure rate is reported to be as high as 45% in 
patients with pseudoachondroplasia and 36.8% in those with Blount disease[47]. Boero et al[19] reported 
no correction failure in the idiopathic deformity group, while in the non-idiopathic deformity group the 
complete correction rate was 78.5%, the partial correction rate 17.9%, and the no correction rate 3.6%. 
Joeris et al[48] published an international multicenter study in which a 66% success rate was reported for 
varus/valgus deformity correction using TBPs. In this paper, patients with idiopathic and secondary 
deformities were not analyzed separately; (2) Overcorrection: Precise timing of implant or hardware 
removal and routine post-operative follow-up is essential for avoiding this complication. Overcorrection 
is usually associated with low patient compliance and failure to attend clinical or radiological 
monitoring after implantation[49]; (3) Hardware failure: Implant breakage, loosening, migration or 
extrusion were reported for both staples and TBPs[50,51]. The original TBP technique involves the use of 
cannulated screws. Several reports describe broken screws in this type of implant, particularly in obese 
patients. The use of solid screws should be considered in patients with a high BMI in order to increase 
the strength and resistance of the implants[52]; (4) Premature epiphyseal closure: This is a theoretical 
complication, but an extremely rare one as long as the hardware is removed within 2 or 3 years of 
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insertion[19,46]. To avoid this complication, the entire procedure should be extraperiosteal and care 
must be taken to preserve the physis, the zone of Ranvier, and the perichondrial ring of LaCroix during 
hardware implantation[11,44]. This complication is reported to be higher in cases using the sleeper plate 
technique[45]; and (5) Rebound: This is defined as a recurrence of malalignment (at least 5 degrees of 
varus or valgus) after the restoration of physeal growth on removal of the implanted hardware and is 
caused by growth acceleration on the previously tethered physis[4,11,13,46]. This phenomenon is 
theoretically possible in all patients, but is not always present and cannot be predicted with certainty. 
Leveille et al[53] report that patients at high risk of rebound are those with severe initial deformity (> 20 
degrees) who undergo early hemiepiphysiodesis (< 10 years for girls and < 12 years for boys). Some 
authors routinely perform an overcorrection of 5 degrees[51]. However, Leveille et al[53] recommend 
only overcorrecting patients at high risk of rebound, to avoid creating a new deformity in patients who 
do not experience a rebound.

Timing of hemiepiphysiodesis
When hemiepiphysiodesis is timed perfectly, the deformity is corrected in step with skeletal maturity. 
The timing of this procedure is therefore crucial in cases of permanent hemiepiphysiodesis. If this 
procedure is performed too early, it could lead to overcorrection of the deformity and require circular 
epiphysiodesis (with or without epiphysiodesis of the contralateral limb to counteract any potential 
length discrepancies). If performed too late, it may not fully correct the deformity. Temporary 
hemiepiphysiodesis is theoretically reversible and therefore enables growth to resume once the 
deformity is corrected.

Numerous methods are reported in the literature for predicting growth, particularly correction of 
limb-length discrepancy (LLD). Only a few articles test and report the reliability of these methods, in 
cases where epiphysiodesis is used to correct angular deformities of the knee.

Bowen et al[54] and Inan et al[55] chart angular deformity against remaining growth potential 
calculated using a formula and combining the Green-Anderson growth remaining graph. The authors 
summarize that, as a general rule, a correction of about 7 degrees can be estimated in cases of 
epiphysiodesis of the distal femur and 5 degrees in cases of epiphysiodesis of the proximal tibia. The 
authors also state that the prediction was accurate for normal physes but inaccurate in cases of abnormal 
physes[54].

Paley and Tetsworth[17], and Paley et al[18] introduced the Multiplier Method (MM) to predict 
various parameters of growth, the timing for epiphysiodesis, and timing for hemiepiphysiodesis, using 
both skeletal age and chronological age when calculating LLD at maturity. Some authors report greater 
accuracy using the skeletal age, but Eltayeby et al[56] report the same prediction accuracy using skeletal 
and chronological age. They also show that MM tends to underpredict and so suggest that guided 
growth procedures performed right before skeletal maturity should be started 2 to 4 mo earlier than 
suggested by MM[56]. In their systematic review of the literature Wu et al[57] report poor reliability 
with MM for angular deformity prediction. It is more reliable for younger patients with idiopathic 
deformity and shows less prediction accuracy for patients older than 10 years or with non-idiopathic 
deformities.

Osteotomy
The use of corrective osteotomy is indicated in patients close to or at skeletal maturity, or in those whose 
growth cartilages are not functional (e.g., after an infection, or in the presence of a physeal bar). The 
specifics of realignment osteotomies are beyond the scope of this article and have been reported in 
articles on this theme and summarized by Paley[58]. However, it is necessary to introduce the 
fundamental concept of the CORA, which can be summarized as the point of maximum deformity. 
When a corrective osteotomy is planned, the correction should be established close to the CORA to 
avoid introducing translation deformity[18]. In varus and valgus deformities of the knee, the CORA is 
adjacent to the articular surface and the physis. For this reason, osteotomy, whether of the distal femur 
or the proximal tibia, is generally not feasible in skeletally immature patients. This is to avoid iatrogenic 
damage to the growth plate. Thus, in order to achieve realignment with corrective osteotomy, 
preoperative planning should take account of both the original angular deformity and any translation 
deformity introduced[18].

Correction through osteotomy can be acute, achieved using internal fixation devices (e.g., Kirschner 
wires, intramedullary nail, plates) or gradual, using an external fixator and distraction osteogenesis[59]. 
Gradual correction is attractive in cases of multiplanar deformity and modern hexapod systems are 
particularly useful in these situations[60].

The different types of osteotomy used to correct a deformity acutely are[10,61]: (1) Opening wedge; 
(2) Closing wedge; (3) Reverse wedge; and (4) Dome osteotomy. Acute deformity correction predisposes 
the patient to certain risks that should be taken into consideration during planning. Non-union or 
delayed union should be considered in opening wedge osteotomies greater than 20 degrees[62].

Neurovascular structures risk being stretched during acute correction. It is reported that the risk of 
injury to neurovascular structures is related to the magnitude of correction, but the limit is not well 
defined. Other factors that add to this risk are the site and type of osteotomy and the direction of 
correction. For example, a correction of a valgus to varus deformity of the knee by osteotomy of the 
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distal femur or proximal tibia puts the common peroneal nerve (CPN) at risk, even if the correction is 
small (about 5 degrees)[63]. Conversely, a correction of a varus deformity releases the CPN. Further-
more, the deep peroneal nerve (DPN), which passes under the intermuscular septum between the lateral 
and anterior compartment of the leg, is more at risk of injury than the superficial peroneal nerve (SPN)
[25]. For the same reason, internal or external rotation osteotomies involving tensioning of the 
intermuscular septum create more risk for the DPN and less for the SPN. For these reasons, some 
authors suggest performing prophylactic peroneal nerve decompression before acute correction[63]. 
Additionally, the motor branch to the extensor hallucis longus is particularly at risk during fibular 
osteotomy[64].

SPECIFIC CONDITIONS
Idiopathic pathological genu valgum and genu varum
It is generally established that growth plate modulation with staples or TBPs determines less morbidity 
than osteotomy. However, it is essential to evaluate the timing of epiphysiodesis and to schedule close 
clinical monitoring to avoid overcorrection.

Post-traumatic
Trauma is one of the most frequent causes of pathological coronal deformity around the knee. The 
deformity may be a result of inadequate reduction or injury to the growth cartilage with a consequent 
alteration or arrest in growth (e.g., physeal bar). In the latter case, some authors report a high risk in 
cases of type 3 Salter-Harris (SH) fracture of the proximal tibia, whereas the type of SH fracture in the 
distal femur is poorly predictive[6]. In some cases, the physeal injury may be misdiagnosed if 
concomitant with another fracture of the femur or tibia. Therefore, some authors recommend knee X-
rays in all patients with a traumatic lower limb injury[65].

Depending on the age of the patient, the location, the cause and the extent of the deformity, treatment 
may involve observation, physeal bar resection, epiphysiodesis, chondrodiastasis, or corrective 
osteotomy. Physeal bar resection consists of removing the bone bridging the metaphysis and the 
epiphysis and filling the gap with interposition material (e.g., fat, methyl methacrylate or polymeric 
silicone) to prevent the bony bar from reforming. This is indicated when there are at least 1 or 2 years of 
remaining growth, and when the bar involves < 50% of the growth plate. If a clinically unacceptable 
deformity is present at the time of physeal bar resection, an osteotomy or hemiepiphysiodesis is 
indicated to realign the lower limb. In fact, a successful physeal bar resection alone would not be able to 
fully correct the deformity[66].

A frequent form of post-traumatic knee valgus is tibia valga following fracture of the proximal 
metaphysis of the tibia, also known as Cozen’s phenomenon. The exact etiology is still under debate. In 
these cases, the maximum magnitude of deformity is variable, and is reached approximately 12 mo after 
injury. Parents should be advised of this eventuality and be informed that the deformity tends to resolve 
spontaneously within 2-4 years and only requires observation. Surgical treatment should be reserved for 
severe and symptomatic cases or for patients close to skeletal maturity with residual deformity[67]. 
Some authors report that, to prevent this deformity, the proximal tibial fracture should be treated with a 
varus-molded long-leg cast, although the efficacy of this procedure has been disputed in the literature
[68]. Hemiplateau elevation (HE) is the treatment of choice for growing children with persistent 
deformity requiring surgery[69]. This must be performed within about three years of the trauma, since 
deformities tend to migrate distally at the level of the diaphysis during growth. Therefore, delayed HE 
could lead to a secondary “Z”-shaped deformity of the tibia (varus deformity proximal to the valgus 
deformity of the diaphysis)[16]. Corrective osteotomy should be avoided in growing children, as it can 
produce effects similar to the traumatic event itself and accentuate valgus deformity. It may be indicated 
in patients close to skeletal maturity with residual deformity[16].

TIBIA VARA
Introduction
Tibia vara is a developmental condition characterized by multiplanar deformities dominated by 
progressive genu varum malalignment caused by a growth alteration of the medial proximal 
metaphysis, physis and epiphysis of the tibia[70-72]. In 1937 Blount[73] published the first detailed 
description of this pathology, introducing the term “osteochondrosis deformans tibiae”. He was the first to 
identify two forms based on the age of onset: The infantile form and the adolescent form (Table 2). 
These two forms of tibia vara are clinically and radiographically distinct. The infantile form is when the 
deformity is noted before the age of 4 and the adolescent form is when the diagnosis is made after the 
age of 10.
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Table 2 Main differences between infantile and adolescent forms of Blount disease

Infantile form Adolescent form

Age (yr) < 5 > 10

Clinical features 50% bilateral, overweight, lateral thrust during gait, possible 
internal rotation of the tibia

Usually unilateral, overweight/obese, male predominance

X-RAY appearance Varus angulation at the epiphyseal-metaphyseal junction, 
metaphyseal beaking with apparent fragmentation, medial 
physeal line widening and irregularity; lateral tibial 
subluxation; possible compensatory distal femur valgus

Widening of the proximal medial physeal line, normal shape 
of the proximal tibial metaphysis; possible presence of distal 
femur varus and compensatory distal tibial valgus

Natural history Depending on the stage (spontaneous resolution is possible) Usually progressive without spontaneous resolution

Treatment options Depending on the stage Surgery only

Infantile tibia vara
Clinical findings: Infantile tibia vara is a developmental condition causing progressive varus deformity 
of the knee in young children. Its prognosis appears to be worse predominantly in the non-white 
population. The clinical picture of a patient with confirmed Blount disease includes a frequently 
bilateral (50%), though rarely symmetrical, varus, and variable internal tibial rotation[72]. A positive 
“cover up test” is also reported in the literature[74]. In some cases, lateral ligament instability with a 
“varus thrust gait” may be present[75].

Radiographic classification
On a long-leg anteroposterior radiograph, Blount disease typically appears as a varus deformity of the 
lower limb, presenting lack of ossification of the medial tibial plateau. In the early stages of the disease, 
the characteristic findings may not be present and it may be difficult to differentiate an idiopathic varus 
from Blount disease. Levine and Drennan[76] measured the metaphyseal-diaphyseal angle (MDA) on 
anteroposterior radiographs (Figure 5) for early detection of infantile tibia vara, and reported that an 
MDA > 10 degrees is suggestive of infantile Blount disease. Although there are discordant data in the 
literature regarding the usefulness of the MDA, mainly due to poor accuracy of measurement, some 
authors believe that a toddler may be at risk of Blount disease with a FTA > 20 degrees and an MDA 
greater than 10 degrees. However, the definitive diagnosis should only be made if the characteristic 
lesions are present[16]. Infantile tibia vara is traditionally staged using Langenskiöld’s classification 
with six progressive stages, based on the radiographic aspects of the medial proximal tibia and 
epiphyseal-physeal-metaphyseal alterations[77].

Non-operative treatment
The effectiveness of full-time (23 h a day) long-leg antivarus bracing (e.g., knee-ankle-foot orthosis - 
KAFO -, elastic KAFO and conventional hip-knee-ankle-foot orthoses) has been reported in certain 
patients. Patients should be ≤ 3 years old with unilateral involvement and stage ≤ II in Langenskiöld’s 
classification. Patients with bilateral involvement may also benefit from bracing, but it is reported that 
there is a greater risk of progression and need for surgical correction[78]. However, the effectiveness of 
bracing has not been demonstrated. Indeed, some researchers advise clinical observation at stages II and 
III up to the age of 4[79,80].

Surgical treatment
The goals of surgical treatment can be summarized as: (1) Restoring the normal alignment of the 
proximal tibia by correcting the multiplanar deformity, in order to disrupt the vicious circle of proximal 
medial tibial alteration and prevent the onset of degenerative arthritis; (2) Preventing physeal damage; 
and (3) Preventing recurrence in order to limit the number of surgical procedures. It has been shown 
that surgical treatment in the early stages of the disease (stage II) is crucial to reduce the risk of 
deformity recurrence and physeal damage. There is strong consensus in the literature on not delaying 
surgery and on proceeding in cases of: (1) Patients < 4 years with progressive clinical and radiographic 
evidence of Blount disease; (2) Patients ≥ 4 years, even in stage I and II without signs of spontaneous 
correction, especially if the deformity exceeds 10 degrees of FTA varus; and (3) Patients in stage ≥ III in 
Langenskiöld’s classification. The main surgical procedures for infantile Blount are as follows.

High tibial and fibular osteotomy: High tibial and fibular osteotomy (HTO) is the treatment that is 
generally defined as being the choice for stage I to III in Langenskiöld’s classification. It is reported that, 
if HTO is performed in stage I and II, the risk of recurrence is significantly lower than in stage III, where 
recurrence is not uncommon. The goal of HTO is to fully correct or overcorrect the multiplanar 
deformity (varus, flexion, and internal rotation) of the proximal tibia (Figure 6). The aim is to interrupt 
the vicious circle caused by varus alignment and medial compartment overload, and enhance 
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spontaneous recovery from the local disturbance of growth. For this reason, several authors recommend 
an overcorrection to 5 degrees of valgus alignment, along with lateral translation of the distal segment 
in order to unload the medial compartment and lateralize the MA.

The correction can be achieved either acutely, using internal fixation (e.g., Steinmann pins or 
Kirschner wires), or gradually, using an external fixator. Tibial osteotomy should be performed just 
distal to the insertion of the patellar tendon and in combination with fibular osteotomy of the proximal 
third of its diaphysis. The internal rotation deformity of the tibia may be corrected through external 
rotation of the distal fragment. Some authors suggest prophylactic fasciotomy of the anterior, lateral, 
and posterior compartments of the leg to prevent compartment syndrome, which has been reported as a 
complication.

Growth plate modulation: Growth modulation using a TBP is reported to be a valid alternative to HTO. 
The main indication is stage < II (prior to physeal bar formation) usually in patients younger than 6 
years[81-83]. The internal tibial rotational deformity cannot be corrected using growth modulation. 
Several studies report a high rate of implant failure with breakage of titanium/cannulated screws and 
some authors recommend using non-cannulated stainless steel screws[84].

Physeal arrest resection: The main indication is the documented presence of a physeal bar prior to frank 
bony bridge formation (stage IV and V) in patients with at least 2-4 years of growth remaining. The 
interposition of material (e.g., fat or methyl methacrylate) is a crucial step after medial epiphysiolysis to 
prevent rebridging. The position and size of the physeal bar should be evaluated preoperatively using 
advanced imaging [e.g., computed tomography scan or magnetic resonance imaging (MRI)]. Physeal 
arrest resection is typically combined with HTO to achieve valgus alignment beyond 0 degrees. 
Andrade et al[85] report a success rate of more than 80% for physeal arrest resection in children < 7 
years old. The results were less predictable in patients older than 7 years or who had previously 
undergone surgery, and the authors recommend alternative treatment methods for these patients.

HE: The main indication is patients older than 10 years with high-grade deformity associated with 
intraarticular deformity and joint incongruence caused by medial tibial plateau depression. Preoperative 
advanced imaging (e.g., MRI) is mandatory to confirm joint incongruence. Indeed, X-ray may overes-
timate the intraarticular deformity, showing a severe medial ossification defect and depression, and the 
joint cartilage can maintain joint congruity. Intraoperative arthrography may also provide a better 
picture of the actual geometry of the joint surfaces. HE can be combined with metaphyseal tibial 
osteotomy to address the remaining long-bone deformity. Lateral proximal tibial and proximal fibular 
epiphysiodesis are recommended in combination with HE to prevent recurrent deformity.

Limb-length equalization procedures: LLD can be a component of the Blount deformity. Correction of 
the angular deformity using open-wedge HTO may equalize the LLD. In other cases, lengthening by 
distraction osteogenesis can be combined with gradual deformity correction using an external fixation 
device, performed alone as necessary, or limb-length equalization can be achieved by performing 
contralateral epiphysiodesis.

Adolescent tibia vara
Observation is usually considered for mild cases only and there are no data available on the use of an 
orthosis. Opening or closing wedge HTO is the treatment of choice in cases of severe (> 20 degrees) 
varus deformity or in cases of multiplanar deformity (varus, procurvatum and internal rotation). Acute 
deformity correction is usually suggested in uniplanar or milder cases, whereas gradual correction 
using an external fixator, particularly a hexapod system, is useful in cases of severe varus deformity or 
complex multiplanar deformity.

Lateral hemiepiphysiodesis. Good results have been reported, but patients should be carefully 
selected to avoid failure. The main indications are sufficient remaining growth (< 14 years old), BMI < 
40 kg/m2, body weight < 100 kg, and less than 15 degrees of varus malalignment[82].

Medial hemichondrodiastasis. This is reported to be effective in patients with moderate varus 
deformity (< 20 degrees) who are nearing skeletal maturity. This technique has two main advantages: It 
corrects the varus and the LLD simultaneously, and it entails permanent epiphysiodesis, which reduces 
the risk of recurrence.

CONCLUSION
Coronal plane deformities around the knee are common during childhood and are usually a cause of 
serious concern for parents. Physiological variations in the growth and development of children need no 
treatment other than observation. True deformities need proper management to avoid consequences. 
Treatment should be tailored to the underlying disease and associated deformities on the other axis (e.g., 
rotation or shortening) should be ruled out. As a general rule, modulation surgery should be the 
treatment of choice in patients with sufficient residual growth, whereas deformities in skeletally mature 
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patients require osteotomy or distraction osteogenesis.
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