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Abstract
Elbow deformity is a condition characterized by misalignment of the elbow shaft, limited mobility, weakness, and pain, usually due to a poorly or 
improperly healed elbow fracture. In some cases, the condition can also be caused by congenital, developmental, or rheumatic diseases. When the 
deformity is severe, corrective surgery, known as orthognathic surgery, may be performed. Cubitus varus and valgus deformities are often sequelae of 
elbow fractures in children. These deformities are often referred to as “bowed elbows” or “gun butt deformities.” In addition to cosmetic concerns, the 
patient’s daily activities and athletic performance can also be adversely affected by these deformities. Although cubitus varus/valgus are considered 
a purely cosmetic problem in children, symptomatic elbow instability and ulnar neuropathy due to mechanical misalignment can occur. This article 
discusses the disruption of the biomechanical axis that leads to soft tissue and bony morphological variations in the elbow, and presents a compelling 
argument for osteotomy for the treatment of cubitus varus/valgus in children. Significant advances have been made in the treatment of elbow 
stiffness using CAD-assisted virtual surgical planning using 3D patient joint models and patient-specific 3D printed surgical guides. 3D planning 
using this method allows surgeons to better understand the deformity before surgery, ensuring complete soft tissue release and correction of most 
bony abnormalities.

Keywords: Cubitus valgus/varus deformity; Osteotomy; Ulnar nerve strain; Chevron osteotomy; Elbow hyperextension

Introduction
1.	 Anatomy and Function of the Elbow

The elbow joint is an important joint in the arm, between the shoulder 
and the hand, allowing the hand to be positioned correctly in space. The 
elbow joint is made up of several important bones and is therefore a 
complex synovial hinge joint, consisting of three separate joints that 
share a synovial cavity. (Figs 1-3) The proximal radioulnar, ulnar-ulnar, 
and pronator-ulnar joints allow for hinge-like flexion and extension of 
the elbow, as well as forearm pronation and supination, which facilitates 
hand positioning during daily activities.       

Figure 1: A-C.  Elbow Bone  Figure 2 : Relationship of bones and joints at the elbow joint



Citation: Nguyen Ngoc Hung. “Elbow Deformy (Cubitus Varus, Cubitus Valgus,  Hyperextended Elbow) In Children”. Scholastic Orthopaedics 1.2 (2025): 
01-20.

Elbow Deformy (Cubitus Varus, Cubitus Valgus,  Hyperextended Elbow) In Children
Author By:

Nguyen Ngoc Hung.

2

2.	 Ossseous and Articular and Anayomy

The olecranon-shaped articular surface of the olecranon and the 
humeral trochlea provide stability to the bone and, together with the 
strong bands of the medial collateral ligament (MCL) medially and the 
lateral collateral ligament (LCL) laterally, form the primary stabilizers. 
The radial head, joint capsule, and common flexor and extensor muscle 
origins along the lateral muscles that cross the elbow joint form 
secondary stabilizing tissue structures that stabilize the joint and support 
joint kinematics (Figs 4, 5).

Figure 3A-3C: A: Coronal STIR MR image shows ulnar collateral 
ligament. Schematic illustrations show radial. 

B and ulnar C: Collateral ligament complexes with elbow in 90° 
flexion. H = Distal humerus, R = Proximal radius, U = Proximal 
ulna. Normal elbow.

Figure  4:  A-B. Artery around Elbow.

Figure 5: A. Nerve around elbow ; 

B. Nerve & Muscule around Elbow.

Ossification Center

Figure 6: Illustration of the pediatric elbow describing the normal 
appearance of the secondary ossification centers.

Secondary ossification centers

The ossicular head appears between 1 and 2 years of age, but may 
appear as early as 3 months of age. [1]. Normally, the ossicular head 
is tilted anteriorly by approximately 40 degrees, forming a 130-degree 
angle with the shaft of the humerus. The posterior aspect of its epiphysis 
is wider than the anterior aspect, potentially leading to misdiagnosis 
of fractures at this location (Fig 6). With age, the ossicular head fuses, 
usually with the trochlea and lateral epicondyle first, and then with the 
distal humerus by about 14 years of age. [1].

The radial head serves as an important landmark when evaluating 
radiographic images of the elbow in children. For example, the radial 
head must be aligned with the distal humerus in all positions to rule out 
dislocation. The radial head ossifies by about 3–4 years of age. As it 
ossifies, the junction of the radial neck may appear angular with a notch 
in the lateral cortex, which gradually fills in over time; However, this can 
be mistaken for a fracture. The medial epicondyle ossifies around 3–6 
years of age. Its ossification pattern varies, with the final center usually 
fused around 17 years of age. [1]

The olecranon exhibits multiple ossification centers beginning around 
7–8 years of age. Its fragmented appearance should not be confused with 
a pathological condition, such as a fracture or avascular necrosis (Fig 
7). [1]

The olecranon begins to ossify around 9 years of age through two or 
more ossification centers. Its ossification begins distally before migrating 
proximally to form a concentric joint with the distal humerus. [1, 2]. As 
the epiphysis closes, it has sclerotic margins that look different from a 
fracture, and complete closure occurs around 14–15 years of age. [3].

Finally, the lateral epicondyle begins to ossify around 11 years of age. 
Initially, it is just a thin piece of bone, which can be mistaken for an 
avulsion fracture, before eventually fusing with the humeral head and 
humerus.[1].
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Factors Affecting Ossification

Ossification, the process of bone formation, is a complex and 
tightly regulated process by many factors.[1] These factors ensure 
proper development, growth, and maintenance of the skeletal system. 
Disruption of these factors can lead to abnormalities in bone formation 
and development. The main factors that influence ossification 
include genetic factors, nutritional factors, hormonal influences, and 
environmental factors.

Genetic factors

Genetic map Genetic factors

 play an important role in determining the timing, location, and rate 
of ossification. Genes regulate the production of proteins and enzymes 
necessary for the formation and maintenance of bone tissue. Congenital 
disorders Genetic mutations can lead to congenital disorders that 
affect ossification. For example, mutations in the FGFR3 gene cause 
achondroplasia, a condition characterized by abnormal cartilage 
formation and impaired bone growth, resulting in dwarfism [4]. Genetic 
Patterns Some bone diseases, such as brittle bone disease, are inherited 
and result from genetic defects that affect the production of collagen, a 
substance essential for bone strength and integrity.

Nutritional Factors

Calcium and Phosphorus Calcium and phosphorus are essential minerals 
for bone formation. Adequate intake of these minerals is necessary for 
the mineralization of the bone matrix. Deficiencies can lead to weak 
bones and conditions such as rickets in children and osteomalacia in 
adults. Vitamin D Vitamin D is essential for the absorption of calcium 
from the diet. Vitamin D helps maintain blood calcium and phosphate 
levels, promoting proper bone mineralization.[4] Vitamin D deficiency 
can lead to ossification disorders and bone deformities. Proteins and 
Amino Acids Proteins and amino acids are the building blocks of bone 
matrix. Adequate protein intake is necessary for the synthesis of collagen 
and other bone matrix proteins, which contribute to bone strength and 
structure. Vitamins and Minerals Other vitamins and minerals, such as 
vitamin K, vitamin C, magnesium, and zinc, are also essential for bone 
health. Vitamin K is involved in the metabolism of bone matrix proteins, 
while vitamin C is important for collagen synthesis.

Hormonal influences

Growth hormone Growth hormone (GH), produced by the pituitary 
gland, stimulates bone growth by promoting the proliferation of 
chondrocytes in the cartilage plates. GH deficiency can lead to stunted 
growth, while excess GH can cause gigantism or acromegaly. Thyroid 
hormones Thyroid hormones (T3 and T4) are important for normal 
bone growth and development. They regulate the metabolic activity 
of cells, including those involved in ossification [5]. Hypothyroidism 
can lead to delayed growth and bone development. The sex hormones 
Estrogen and Testosterone play important roles in bone growth and 
maturation. During puberty, these hormones promote rapid bone growth 
and eventual closure of the cartilage plates. Estrogen, in particular, 
helps maintain bone density throughout life. Parathyroid Hormone 
and Calcitonin Parathyroid hormone (PTH) and calcitonin regulate 
calcium and phosphate balance. PTH increases blood calcium levels by 
stimulating bone resorption, while calcitonin decreases blood calcium 
levels by inhibiting bone resorption.

Environmental Factors

Physical Activity: Weight-bearing and resistance exercises stimulate 
bone formation and increase bone density. Physical activity places 
mechanical stress on bones, promoting the activity of osteoblasts and 

Figure  7: Ossification and fusion of the secondary centers of the 
distal humerus. (A) The average ages of the onset of ossification of 
the various ossification centers are shown for both boys and girls. 
(B) The ages at which these centers fuse with each other are shown 
for both boys and girls. (C) The contribution of each secondary 
center to theoverall architecture of the distal humerus is represented 
by the stippled areas.

There are six ossification centers in the elbow, which appear and 
develop in a relatively reproducible manner, and are important in the 
evaluation of pediatric elbow radiographs (Figure 8). The timing of their 
appearance varies in the literature, but an approximate estimate is given 
below. A useful mnemonic to remember the order of development is 
CRITOL or CRITOE capitellum: 2-24 months

• Radius head: 3-6 years
• Medial (inner) epicondyle: 4-7 years
• Trochlea: 8-10 years
• Olecranon: 8-10 years
• Lateral (outer) epicondyle: 10-13 years

Figure 8:  Elbow Ossdification center
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the deposition of new bone tissue. Lifestyle Factors: Smoking, excessive 
alcohol consumption, and a sedentary lifestyle can negatively affect bone 
health.[6] These factors can interfere with nutrient absorption, hormone 
levels, and the body's ability to form and maintain bone tissue. Exposure 
to Toxins: Exposure to certain environmental toxins and heavy metals, 
such as lead and cadmium, can disrupt bone metabolism and negatively 
affect ossification.

3.	 Physeal Anatomy

Injuries to the epiphyseal cartilage affect the epiphyseal cartilage 
in children and adolescents. They typically occur near the major 
joints of the limb (knee, ankle, elbow and wrist), but any epiphyseal 
cartilage can be affected. Epiphyseal injuries account for 18% of 
all fractures in children in the UK. [6]. The incidence varies with 
age, and the injury is more common in the adolescent age group. 
Although complications arising from epiphyseal injuries are rare, 
they are generally predictable and preventable.

Vascularity

Mechanical epiphyseal cartilage injuries are defined by disruption 
of its blood supply rather than mechanical stress. The epiphyseal 
cartilage has three vascular supplies. The main group of blood 
vessels comes from the epiphysis and supplies the germinal and 
proliferative zones (Fig 10B).

However, in locations such as the proximal femur and proximal 
radius, where the epiphysis is essentially completely covered by 
articular cartilage, the blood supply runs along the metaphysis before 
entering the epiphysis. Therefore, the blood supply is vulnerable if 
the epiphysis is separated from the metaphysis. In such cases, there 
is a risk of avascular necrosis (AVN) when the epiphysis is injured. 
A second group of blood vessels comes from the medullary canal of 
the shaft to supply blood to the metaphyseal side of the epiphysis. 
The blood vessels reach the ossifying chondrocyte layer and play 
a major role in endochondral ossification. The third blood supply 
comes from the LaCroix ring around the cartilage to supply blood to 
the periosteum of the epiphysis. The hypertrophic zone, where most 
injuries occur, remains avascular.[1] Bone growth ends when the 
epiphysis disappears, at which point the blood vessels that feed the 
bone are all connected.

Figure  9: A-C.  Anatomy of the physis (growth plate). A Physis;  
B. Vascular to Physis;  C. Structure of Physis

The growth plate, also known as the growth spur, is a hyaline cartilage 
disc that separates the epiphysis from the metaphysis and is responsible 
for the longitudinal growth of long bones.

The cells of the growth spur are arranged in columns or layers 
described as the germinal or resting layer, the proliferative zone, the 
hypertrophic zone, and the zone of provisional calcification (Figure 9). 
The proliferative zone is where the chondrocytes undergo rapid mitotic 
division and is the most metabolically active zone. Osteoblasts use the 
columns of chondrocytes as a framework for ossification in the zone 
of provisional calcification. The hypertrophic zone is the weakest zone 
because it lacks both collagen and calcified tissue. Most growth spur 
fractures occur through this layer because it is poorly able to withstand 
shear forces.

The overall structure of the growth plates varies according to the 
amount of stress they are subjected to. Around the knee, the stress 
is very high and to resist shear forces, the meniscus intertwines with 
the surrounding bone in what is known as the corpus callosum. This 
anatomical arrangement helps lock the meniscus. If there is a shear 
injury, there is a higher risk of a bone bar forming across the meniscus 
and subsequent growth arrest. This is in contrast to the distal meniscus, 
which is often injured, which has a more linear structure and rarely stops 
growing.

The main difference between the bones of children and those of adults 
is the presence of a meniscus. Meniscal injuries are very common in 
children, accounting for 15-30% of all bone injuries.

Epiphyseal cartilage (Fig 10) The epiphyseal cartilage consists 
of chondrocytes surrounded by an extracellular matrix; it is closely 
connected to the epiphysis, which supplies it with blood. The 
chondrocytes are arranged in columns along the longitudinal axis 
of the bone, oriented towards the metaphysis, where endochondral 
ossification occurs.

Figure 10: A. Physeal History (A The three sources of blood supply 
to physis: epiphyseal, metaphyseal and perichondrial ;B. Cells 
store lipids, glycogen, and proteoglycan aggregates for later growth 
and matrix production, Low oxygen tension.; C. Proliferation of 
chondrocytes with longitudinal growth and stacking of chondrocytes. 
Highest rate of extracellular matrix production Increased oxygen 
tension in surroundings inhibits calcification; D.  Zone of chondrocyte 
maturation, chondrocyte hypertrophy, and chondrocyte calcification 
; E..   Vascular invasion and resorption of transverse septa.Osteoblasts 
align on cartilage bars produced by physeal expansion. Primary 
spongiosa mineralized to form woven bone and then remodels to 
become secondary spongiosa); B. Blood supply of the physis.
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Assessment

Imaging studies help clarify the type and severity of the injury. Plain 
X-rays are sufficient to localize the fracture and assess its severity 
in most cases. Epiphyseal fractures are classified according to the 
Salter-Harris classification (see Figure. Salter-Harris Classification 
of Epiphyseal Injuries), as follows:

• Salter-Harris I: Fracture through the epiphysis, with separation of 
the epiphysis and metaphysis

• Salter-Harris II: Fracture through the epiphysis and extending 
into the metaphysis

o The epiphyseal fragment is called a “Thurston-Holland 
fragment”. This is the most common type.

• Salter-Harris III: Epiphyseal fracture with extension of the 
epiphysis

o This type is more likely to result in post-traumatic arthritis.
• Salter-Harris IV: Fractures through the epiphysis, cartilage, and 

epiphysis
o This injury may result in growth failure, depending on the 

location of the fracture.[7]
• Salter-Harris V: Compression injury of the meniscus
• Salter-Harris VI: Fracture of the meniscus involving the periphery 

of the meniscus
o This injury is also known as a “perichondrial fracture”.
• Salter-Harris VII: Isolated meniscal injury

Injuries with higher scores on the Salter-Harris classification are 
associated with a higher risk of growth failure. Studies have shown 
moderate interobserver reliability using this classification, and 
reliability improves with experience (Fig 11).[8] Ultrasound may be 
used in young patients who have not yet begun to ossify the cartilage 
[9]. If a meniscal injury cannot be excluded despite a normal X-ray, 
computed tomography (CT) or magnetic resonance imaging (MRI) 
should be performed.

Addition of type VI to the original classification [10] (Fig 12):

Type VI: peripheral epiphyseal cartilage rupture (subsequent bone 
bridge formation may result in significant angular deformity due to 
its peripheral location)

Ogden [10, 11] includes three additional types of injuries, 
compared to the original classification of epiphyseal cartilage 
injuries by Salter and Harris, that may affect the growth mechanism 
(Figure 12):

Ogden VII: epiphyseal fracture from the articular surface through 
the epiphyseal cartilage and into the secondary ossification center, 
but without affecting the epiphysis.

Ogden VIII: metaphyseal fracture affecting subsequent growth due 
to vascular injury.

Ogden IX: severe diaphyseal fracture causing periosteum injury, 
interrupting the blood supply to the epiphysis, which may affect 
subsequent growth.

Peterson retained the SaltereHarris types I to IV as Peterson types 
II, III, IV and V and added two new types [7] (Fig 12):

Figure 11. Saltere  Harris system’s Classification.

Figure 12:  Classification of physeal SH, Salter – Harris and Peterson.
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Peterson I: fracture across the metaphysis, extending into the 
epiphysis but not along the epiphysis.

Peterson VI: fracture with partial loss of the epiphysis, which in 
some cases may include loss of both the metaphysis and epiphysis.

Type VI was added to the original classification [11] (Fig 12):

Type VI: peripheral epiphyseal cartilage rupture (subsequent 
bridging may result in significant angular deformity due to its 
peripheral location)

Ogden [7,8] added three more types of injuries to the original 
Salter and Harris classification of epiphyseal injuries, which may 
affect the growth mechanism (Fig 12):

Ogden VII: epiphyseal fracture from the articular surface through 
the epiphyseal cartilage and into the secondary ossification center, 
but without affecting the epiphysis

Ogden VIII: metaphyseal fracture affecting subsequent growth due 
to vascular injury

Ogden IX: severe fragmentation of the shaft causing periosteal 
injury interrupting the blood supply to the epiphysis, which may 
affect subsequent growth. Peterson retained the SaltereHarris types 
I to IV as Peterson types II, III, IV, and V and added two new types 
[12] (Fig 12):

Peterson I: Transverse fracture of the epiphysis with extension into 
the epiphysis but not along the epiphysis

 4. Carrying Angle 

The elbow joint is a synovial hinge joint that connects the upper arm 
and forearm, allowing the hand to move forward and away from the 
body, which is essential for daily activities. (Figure 13). An excessive 
elbow angle is scientifically known as Cubitus valgus. In the defense 
force, target shooting is one of the important requirements, and due 
to an inappropriate elbow angle, people with the deformity may have 
difficulty aiming. People with an inappropriate elbow angle will have 
problems with the hand hitting the hip, making it difficult to carry heavy 
objects. If the angle between the forearm and hand is reduced, this 
condition is called Gun Grip Deformity.

Causes

Excessive elbow flexion can be caused by developmental abnormalities, 
injury, or changes in the ability to adapt to repetitive stress. The main 
cause is ineffective alignment/reduced mobility of the 3 bones (radius, 
humerus, and ulna).

Impact: Excessive elbow flexion places additional stress on the 
structures of the elbow, making them susceptible to traction injuries. It 
also causes problems with walking and carrying heavy objects.

 5.  Elbow Range of Motion

The range of motion (ROM) of the elbow is often limited after injury.

This can affect daily activities and, if left untreated, the condition can 
get worse.

When we talk about elbow range of motion, we are looking at how 
much movement the elbow joint has.

The main movements of the elbow include flexion and extension 
(bending and straightening the elbow) and pronation and supination 
(rotating the palm up and down).

We constantly use our arms and move our elbows throughout the day, 
whether it is when typing, drinking coffee, eating, picking up things, 
carrying things, or even just talking on the phone. Therefore, having 
good flexibility and mobility in the elbow is very important.

What Is Elbow Range Of Motion ?

There are three different types of elbow range of motion:

• Active elbow range of motion: the elbow can move in one direction 
on its own, i.e. the movement is due to muscle contraction without any 
external assistance.

• Passive elbow range of motion: the elbow can move in one direction 
when an external force is applied, i.e. another person moves the elbow 
while the muscles are completely relaxed.

• Active assisted elbow range of motion: the elbow can move in one 
direction when weak or painful with assistance, i.e. the muscles partially 
contract to move the elbow but with assistance, for example from a 
physical therapist.

In a normal, healthy elbow joint, these three ranges of motion will 
be quite similar, with the passive elbow range of motion being slightly 
greater than the active range of motion.

But if you have an elbow injury, arm pain, or elbow conditions like 
arthritis or bursitis, your range of motion may be reduced, with active 
elbow range of motion being most affected. If you need help figuring out 
what's going on, visit the elbow pain diagnosis section.

Normal Elbow Range Of Motion.

Normal range of motion of the elbow refers to the extent to which the 
elbow can bend, straighten, and twist (Figs 14)

The true twisting motion occurs between the forearm bones, the radius 
and ulna, but is often considered part of the elbow movement. 

The normal active range of motion of the elbow is:
•	 Flexion range of motion: The normal active flexion range of the 

elbow is 140o-150o, i.e. full flexion
•	 Extension range of motion: The normal active extension range of 

the elbow is 0o, i.e. full extension

Figure 13: Carrying Angle Limits.

With the arms outstretched to the sides and the palms facing forward, 
the angle between the hand and forearm should be within the posterior 
limits of the torso.

Male – No more than 15 degrees
Female – No more than 18 degrees
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•	 Internal rotation range of motion: The normal active internal 
rotation range is 75o-85o, i.e. palm down

•	 Internal rotation range of motion: The normal active internal 
rotation range is 80o-90o, i.e. palm up

The normal passive range of motion of the elbow is (Fig 15):
•	 Passive elbow flexion: up to 155°, depending on the size of the 

upper arm – the limit is the forearm pushing against the biceps
•	 Passive elbow extension: up to 10o, hyperextension is considered 

normal
•	 Passive internal rotation: up to 90°
•	 Passive internal rotation Rotation: up to 95°

The normal range of motion of the elbow required for daily activities 
is (Table 1):

Figure 14:  Normal Elbow Range of Motion.

Functional range of motion refers to the amount of motion required to 
perform normal activities of daily living such as eating, drinking, and 
combing hair.

Figure 15. At the elbow joint, most functional activities require around 
100 degrees of flexion/extension and rotation:

•	 Elbow flexion/extension: 30°-130°, i.e. from 30°  when not 
extended to 130° when flexed.

•	 Internal/external rotation: 50°-50°, i.e. 50° internal rotation and 50° 
external rotation from the neutral position.

This means that you can still perform most daily activities even if you 
have lost 20°-30° of mobility in any direction.

Figure 15: At the elbow joint, most functional activities require around 
100 degrees of flexion/extension and rotation.

Table 1: Functional Forearm Flrxin and Pronation / Supination.

Loss of elbow flexion has a greater functional impact than loss of 
elbow extension.

Within the range of 30 to 130 degrees of flexion, approximately 80% 
of normal forearm and hand function can be achieved, but beyond this 
range, greater loss of flexion has a greater impact than greater loss of 
extension, by a ratio of approximately 2:1.

This means that each degree of flexion lost is equivalent to a loss of 2 
additional degrees of extension in terms of function.

Anything that interferes with normal elbow motion can cause pain. 
These may include:

Elbow Flexion Measurement (Fig 16)

Figure 16:  Measuring Elbow Flexion.

To measure active elbow flexion, bend your elbow as far as you can 
with your palm facing up, without moving your upper arm.

To measure passive range of motion, have someone press gently on 
the back of your forearm near your wrist to see if there is any excess 
movement.

Normal elbow flexion range of motion is soft and elastic because the 
movement is limited by the biceps.

Measure elbow extension (Fig 17)

Figure 17:  Measuring Elbow Extension
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• To measure active elbow extension, straighten your arm down and 
your forearm back as far as possible, keeping your upper arm in line 
with your body.

To measure passive range of motion, support the back of your upper 
arm and gently push forward with your forearm.

The normal end of the elbow extension range feels stiff because the 
bones (the ulna and ulna of the humerus) lock together and prevent 
further movement.

A hyperextension injury occurs when the elbow is pushed back and 
bent too far - you can learn all about the common causes, symptoms, 
diagnosis, and treatments for hyperextension of the elbow.

How to Measure Internal/External Rotation

To measure internal and external rotation range of motion, you will 
align the goniometer with:

•	 Stylus: the bone located just below the inside of the wrist (on the 
pinky finger side)

•	 Humerus: the upper arm bone
•	 Distal radius: the forearm bone

Measuring external rotation (Fig 18 )

Figure 18:  Measuring Elbow Supination.

•	 Sit or stand with your elbow bent at 90 degrees and your palm 
facing up

•	 Place the goniometer handle just below the ulna as shown and 
hold your arm stationary parallel to the humerus (upper arm 
bone).

•	 Bring the movable arm of the goniometer down so that it is level 
with the front of your forearm, just below your wrist.

To measure active range of motion, extend your wrist and thumb as far 
back as you can to fully rotate and measure the angle.

From here, you can measure passive supination by grasping the back 
of your forearm and gently rotating it as far as you can.

The normal feeling of supination range of motion is firm/springy 
because the movement is limited by the tension in the ligaments.

Measuring supination

This is very similar to measuring supination, but this time you rotate 
your palm down and measure from the other side of your wrist.

•	 Sit or stand with the elbow bent at 90 degrees and the palm facing 
down (Fig 19)

•	 Place the shaft of the goniometer just below the ulna on the outside 
of the wrist as shown and hold the arm parallel to the humerus

•	 Place the movable arm of the goniometer on the back of the 
forearm, just below the wrist

•	 To measure the range of motion of active internal rotation, rotate 
the palm and thumb down as far as possible to achieve full rotation.

Figure 19:  Measuring Elbow Pronation / Supination

From there, you can measure passive internal rotation by grasping the 
back of the forearm just below the wrist and gently rotating it to full 
rotation.

As with external rotation, the normal end of internal rotation feels firm/
springy because the movement is limited by the tension of the ligaments.

The HumeroUlnar angle (HUA) or radiographically assisted angle, 
which is the angle formed on an AP film between the spray arm of the 
humerus and the axis of the proximal third of the ulna (Figure 19), is also 
measured. This angle is used to assess spinal deformities or curvatures 
and is more accurate and useful than the Baumann angle (normal 5°–
15°) (Fig 20).

Figure 20: A-B. A. The measurement of elbow flexin-extension. 
B. The measurement of elbow supination -pronation.

Table 2: Range of motion of the elbow and wrist [13].
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6.	 Osteotomy

Elbow deformities include ulnar deviation, sagittal plane deviation, 
and distal humeral axis deviation. The most common variables of three-
dimensional deformities in cubitus varus and cubitus valgus position 
are medial/lateral angulation, internal rotation, lateral epicondylar 
overgrowth, and osteonecrosis or delayed growth of the medial 
epicondyle. Poor reduction, poor or nonunion, and growth plate defects 
are the most common contributing factors to cubitus varus/valgus 
deformity after elbow injury in children. The general indication for 
patients with three-dimensional deformities with good range of motion 
is cosmetic. Various osteotomies have been described to correct this 
deformity, each with its own advantages and disadvantages. Several 
reports have described different osteotomy techniques and their results 
in correcting these three-dimensional deformities, using methods such 
as cross-pin fixation, screw fixation, and external fixation.[14, 15] Since 
each technique has its own advantages and disadvantages, there is no 
consensus on which method provides better final results, especially in 
children. In our study, there were no problems with bone healing at 
the osteotomy level in the adult group. Stable implant fixation at the 
osteotomy level, which is the junction between the bone and the shaft, 
allowed for good bone healing. The stable fixation construct with 2 
screws allowed us to mobilize early and thus achieve a good range of 
motion as before surgery.

Potential risks or complications associated with osteotomy

Although beneficial, osteotomy also carries risks and complications, as 
with any surgical procedure. It is important for patients considering this 
treatment option to understand the following risks:

• Infection: The risk of infection at the surgical site or at the joint itself 
is a significant concern, which can lead to other complications and may 
require additional treatment.

Blood clots: As with many surgeries, there is a risk of blood clots 
forming in the veins, especially in the legs. These clots can sometimes 
travel to the lungs and cause serious health problems.

Nerve damage: During surgery, there is a risk of accidental nerve 
damage, which can lead to numbness, tingling, or loss of function in the 
affected limb.

Non-union or uneven fusion: Sometimes bones do not fuse properly or 
fuse in the wrong place, which may require additional surgery to correct.

Anesthesia complications: Reactions to anesthesia can occur, ranging 
from mild allergic reactions to more serious effects such as difficulty 
breathing.

Slow Healing: In some cases, bone healing may take longer than 
expected, which can prolong recovery and delay return to normal 
activities.

Illustration of some osteotomies and bone fixations
Elbow osteotomies correct elbow joint problems that cause problems in 

the forearm joint. Your arm hangs too close to your body (cubitus varus) 
or tilts too far away from your body (cubitus valgus). These abnormal 
positions change the angle of elevation of the elbow. There are different 
osteotomies, depending on the specific problem (Figs 21, 22, 23, 24).

Figure 21:  Illustration of Osteotomy and fixation  method for Cubitus Varus.

Figure 22: Illustration of  Osteotomy and fixation  method of fixation 
for cubitus Varus & Valgus.

Figure 23:  Ilizarov method of fixation for cubitus varus.

5.Evaluating Result

All patients were evaluated according to the Flynn criteria [6], 
which assesses both functional and aesthetic outcomes. The aesthetic 
component considers the loading angle and its deviation toward the 
flexion or valgus side, while the functional component is assessed 
by measuring flexion and extension. The lower of the two outcomes 
(aesthetic and functional) is considered the overall outcome. “Excellent,” 
“Good,” “Fair,” “Poor,” and “Fair” outcomes are considered satisfactory 
(these outcomes reflect a loss of loading angle and motion angle of 0–5°, 
6–10°, and 11–5°, respectively) (15°), while a “poor” outcome (loss 
>16°) is considered unsatisfactory. An outcome with the elbow flexed 
is implicitly considered a “poor” outcome (Table 2). Our elbows are 
important for a number of everyday tasks we perform, including things 
like washing your face, picking up objects, or anything that requires 
you to rotate your palm up or down. Every year, many people suffer 
a ulnar fracture, another term for a broken elbow. Elbow fractures can 
occur from a fall, a direct blow to the elbow, or an unnatural twisting 
of the arm.

Figures 24B: Illustration  of the Elbow Deformitíes 

Figure  24A:  Hung Method for Cubitus varus.

B.   Cubitus Varus, Cubitus Valgus , HyperExended Elbow (Figs 24)
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Table 3: Modified Flynn’s Criteria [15].

Cubitus Varus

Continuing Education Activity

Nonunion of the supracondylar bones often results in a cubitus varus 
elbow deformity, also known as a "gunstock deformity". This condition 
is a three-plane misalignment of the elbow, characterized by varus in 
the coronal plane, extension in the sagittal plane, and internal rotation in 
the transverse plane. This lesson covers the presentation, diagnosis, and 
management of cubitus varus elbow, which will help clinicians manage 
this condition when it occurs in practice.

Elbow injuries are common in skeletally immature children. The 
metaphysis of the distal humerus is most susceptible to fracture in 
this group because it is the transition from a tubular structure to a 
flatter triangular cross-section. In addition to this anatomical feature, 
ligamentous laxity in this age group predisposes children aged 4 to 8 
years to supracondylar humerus fractures. Typically, supracondylar 
insufficiency results in varus, also known as a "gunstock deformity".

This condition is a triplane elbow malalignment characterized by 
coronal valgus, longitudinal extension, and lateral internal rotation. 
Although often considered a purely cosmetic problem in children, 
it sometimes causes late-onset lateral elbow pain, symptomatic 
posterolateral rotational instability (PLRI), triceps jerks, progressive 
ulnar and ulnar valgus, ulnar neuropathy, or rarely lateral epicondylosis 
of the humerus.[16] For this reason, surgery may be appropriate for the 
vast majority of patients with this condition. Several treatments have 
been proposed, including observation, partial epiphyseal resection and 
growth correction, and revision osteotomy.[17] Revision osteotomy is 
the preferred treatment because it has the highest likelihood of success.
[18]

Causes

Historically, the incidence of this deformity following supracondylar 
humeral fractures occurred in 30% of cases. However, the incidence 
has decreased significantly with surgical treatment of these injuries.[19] 
Less commonly, this deformity may occur following a fracture of the 
lateral condyle of the humerus. Other causes include epiphyseal trauma, 
osteonecrosis, infection, or, rarely, tumor.[20]

Epidemiology

Congenital valgus is less likely to cause this deformity; however, it is 
rare. The cause is dysplasia of the humeral head, in which the head tilts 
toward the midline, reducing the angle of the elbow joint. Ossification 
of the elbow joint begins at the distal end of the humeral head during 
the 12th week of gestation. It is during this time that dysplasia of the 
humeral head leads to congenital valgus.[21]

Anatomy

The distal humerus, radius, and proximal ulna form the elbow joint. 
It is one of the most complex joints in the body, allowing for flexion, 
extension, internal rotation, and external rotation. The ligamentous 

and bony anatomy provides static stability to the elbow joint. In full 
extension and internal rotation, the elbow joint deviates 5 to 15 degrees 
from the coronal plane, known as the physiologic stress angle or valgus 
angle of the elbow. In the cubitus varus position, the stress angle is 
reduced and the hand is closer to the midline than normal.[22] The 
structure and function of the elbow joint may be impaired in the cubitus 
varus deformity.

Pathology

The mechanical medial deviation of the upper limb and the inward 
force of the triceps in this deformity may eventually lead to ulnar 
collateral ligament weakness and ulnar external rotation, resulting in 
symptomatic elbow PLRI syndrome. Axial reconstruction of the elbow 
joint in immature children usually restores elbow flexion, although the 
elbow arc of motion is altered due to hyperextension and hypoflexion. 
However, reconstruction is less successful, and therefore correction of 
the rotational component of the deformity is performed. In addition, 
these patients may have reduced range of motion in the prone position.
[23]

The abnormal internal rotation of the distal humerus results in a number 
of pathological anatomical features such as overgrowth of the posterior 
trochanter, humeral head, and radius head. These primary abnormalities 
result in secondary adaptive changes, including increased anteroposterior 
trochanteric joint arch and concavity of the trochanter. In addition, the 
ulna adjusts to a distal and medial position with increased internal 
curvature, flexion, and external rotation. Late ulnar nerve instability and 
palsy may also occur due to the abnormal internal rotation of the distal 
humerus or concomitant fibrosis and compression in the cubital tunnel. 
The nerve may be dislocated or even anteriorly dislocated relative to the 
medial epicondyle of the humerus and entrapped in the fibrous bands of 
the flexor carpi ulnaris, causing symptoms of ulnar neuropathy.

History and Physical Examination

A thorough history and physical examination are required to evaluate 
a patient with lateral elbow deformity. Examination for open wounds, 
stiffness, range of motion, scarring, and a complete neurovascular 
examination should be performed at the initial visit. Rotational 
malalignment is determined by assessing the difference in passive 
extension rotation of the affected and unaffected limbs during physical 
examination. Progression of the deformity in a growing child requires 
careful radiographic evaluation and additional axial radiographs to 
evaluate for asymmetric growth plate abnormalities.

Lateral elbow deformity is usually detected 6 to 10 weeks after the 
fracture has healed and the elbow has returned to full range of motion. 
Lateral angulation is the primary cause of an unsightly elbow appearance, 
while any degree of flexion or posterior angulation reduces the apparent 
deformity. Abnormal torsional rotation increases the appearance of 
the deformity. Untreated lateral deviation is usually stable and rarely 
progresses over time. Progression may occur with asymmetric growth 
disorders of the distal humerus. If left untreated, or if severe enough, 
lateral deviation can lead to ulnar nerve compression and posterolateral 
rotational instability due to weakness of the LUCL. Occasionally, the 
PLRI is exposed after surgical correction.

Assessment

Complete anteroposterior (AP) radiographs of the affected and 
contralateral upper limbs are essential to determine the extent of the 
deformity and estimate the arm-elbow-wrist (HEW) angle. The HEW 
angle provides the most accurate method for determining the correct 
angle of support. The HEW angle is indicated by a (+) sign if the limb is 
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in valgus position, while the varus angle is indicated by a (-) sign. This 
method is preferred over the Baumann angle because it is applicable to 
both adults and skeletally immature individuals.

In the absence of a sagittal radiograph, the angle between the center 
of the shaft to the center of the elbow and the centers of the transverse 
diameters of the radius and ulna provides a reasonable estimate of the 
HEW angle. The goal of osteotomy is to restore the HEW angle as 
close as possible to that of the contralateral unaffected limb, with the 
desired correction determined by the angle difference between the two 

limbs. The lateral condyle index is also calculated from the preoperative 
AP radiograph of the affected limb.[24] The difference between the 
lateral and medial widths of the distal humerus relative to the medial 
humerus shaft is expressed as a percentage of the total width of the distal 
humerus. The lateral elbow radiograph actually allows assessment of the 
degree of extension deformity present. The radiographs of the affected 
and unaffected limbs are plotted on paper to determine the width of the 
wedges required for surgical correction. A similar technique is used to 
determine the required rotation when using osteochondral manipulation. 

 Type   X-ray  Description

 
 

Accounts for 6% of all physeal injuries.

Transverse fracture through the growth plate. 
In a type I separation, the epiphysis separates from the metaphysis. The plane of separation is horizontal 
and the germinal cells remain with the epiphysis.
When the periosteum is torn, displacement may occur. The periosteum is usually torn on the convex side 
and is intact on the concave side. Displacement is usually easily reduced by reversing the deforming 
forces and these are often stable and treated by closed means.
When the periosteum is not torn, there is no displacement and these injuries are diagnosed by suspicion, 
by the sign of local tenderness and by the normal appearance on x-ray.  They are usually misdiagnosed as 
sprains because little is seen on the x-ray.
Healing is rapid for type I fractures, within 2-3 weeks of injury and problems are rare especially in sites 
such as the distal radius.

 
 

Most common type and accounts for 75% of all physeal injuries.
Transverse fracture through the growth plate and an oblique or vertical fracture through the metaphysis. 
 
The type II injury starts as a horizontal separation (like type I) but this is completed by exiting through 
the metaphysis, resulting in a triangular fragment which varies in size.
This is the most common type of physeal separation and is usually easily reduced but not always easy to 
hold reduced, in a cast.  Sometimes the torn periosteum becomes trapped in the fracture site preventing 
a full reduction by closed means.  The trapped periosteum sometimes needs to be released by open 
operation, especially at the ankle. 

 
  

 

Accounts for 8% of all physeal injuries.
Transverse fracture through the growth plate and a vertical fracture through the epiphysis.
Type III injuries are more commonly seen in older children where the growth plates have started to close.  
It is a combination of a horizontal fracture line through the physis and a vertical fracture line which runs 
from the growth plate through the epiphysis to the articular surface.
Displaced injuries may result in a physeal bar, leading to growth disturbance and joint incongruity, 
leading to arthritis. Most displaced type III injuries require open reduction internal fixation (ORIF). 

 
  

 
 

Accounts for 10% of all physeal injuries.

Vertical fracture through all three components, metaphysis, physis and epiphysis.

In type IV separations, the fracture line is vertical.  It extends through four distinct tissues/areas: 
metaphyseal bone, physeal cartilage, epiphyseal bone or cartilage and articular cartilage.  The most 
common example of a type IV physeal injury is separation of the lateral condyle of the distal humerus. 
The four injured tissues must be accurately reduced and lined up with each other, to minimise the risk 
of a physeal bar and articular incongruity. Most displaced type IV injuries require ORIF and long-term 
follow-up to detect growth disturbance.  

 

This injury is rare and difficult to see on x-ray.

Compression fracture or crushing of the growth plate.

These injuries are almost always diagnosed retrospectively, when a growth arrest has occurred. 
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The severity of the valgus deformity is classified as follows:

• Grade I - loss of physiologic curvature

• Grade II - curvature from 0 to 10 degrees

• Grade III - curvature from 11 to 20 degrees

• Grade IV - curvature >20 degrees

Treatment / Management

Orthopedic osteotomy of the distal humerus is the procedure of choice 
because it is most successful in relieving symptoms and reducing 
recurrence of medial elbow deformity. The goal of osteotomy is to realign 
the elbow joint to the normal range of 5 to 15 degrees and create a stable 
joint. Several osteotomy techniques for surgical correction have been 
described, including straight and oblique wedge osteotomies, inverted 
V osteotomies, triangular osteotomies, dome osteotomies, double dome 
osteotomies, step osteotomies, multiplane fixation, and external fixation 
with extension osteotomies.[25] However, no technique is safer or more 
successful than the others. In addition, it remains uncertain whether 
correction of rotational misalignment is necessary to achieve better 
results, as the bearing angle was not affected by the degree of uncorrected 
torsional deformity in one study. This observation is important because 
attempts at correction through rotation often result in instability at the 
osteotomy site due to reduced cortical contact. However, the long-term 
consequences of uncorrected rotational malalignment after orthopedic 
osteotomy are unknown. Pins, screws, staples, and tension wires are 
commonly used for internal fixation of the osteotomy in children, as 
hardware protrusion is not uncommon in this age group.

A recent study in children showed that external fixation was more 
cost-effective than internal fixation, facilitated preoperative planning, 
and was easier to remove in the postoperative period. However, medial 
and lateral column plates are often considered necessary in adults, 
and sometimes in adolescents, to allow for stable fixation and early 
mobilization to minimize stiffness. Instability of internal fixation, 
especially in adults, can result in displacement of the osteotomy into 
a varus position, leading to recurrence and poor cosmetic results. 
Recently, some authors have used 3D printed cutting dies to simplify the 
procedure and streamline the correction of three-dimensional deformity, 
although the cost of producing these dies remains a concern. In patients 
with long-standing deformities, lateral ligament reconstruction may 
be necessary as an adjunct to PLRI. However, this surgery is rarely 
necessary in children or adolescents.

There are no recommendations regarding the type of osteotomy, 
although more complex three-dimensional corrections may be more 
technically difficult in pediatric patients than in adults. In a meta-
analysis evaluating four different types of corrective osteotomies, the 
authors reported that no technique was safer or more effective. Open 
wedge osteotomies extend the medial aspect of the humerus and may 
cause ulnar nerve palsy, with the potential for delayed ulnar nerve palsy 
and chronic pain.

Open wedge osteotomy (LCWO) is the most commonly performed 
technique. It is a less technically demanding procedure and some 
published studies report lower complication rates than the more 
difficult triplane corrective osteotomy. However, condyle leading to 
‘pseudovalgus’ deformity is not uncommon with this procedure and 
is related to the severity of the preoperative deformity. Unsightly 
scarring of the lateral elbow can also sometimes be a problem. Some 
authors have found that oblique lateral wedge closure can minimize the 
incidence of condyle. Others believe that lateral condyle reconstruction 
and enlargement occur when the osteotomy is performed in patients 

under 12 years of age. In addition, maintenance of the medial periosteal 
hinge joint is important with this technique, as loss of this hinge joint 
during healing can lead to incomplete correction and recurrence of the 
deformity. The step-and-reverse technique is also popular and has the 
advantage of increasing the surface area and inherent stability of the 
step.[26, 27, 28]

Multiplanar osteotomy can correct the rotational component of 
the cubitus varus deformity. However, this is a technically difficult 
procedure. Preoperative planning is more complex and may require a 
CT scan to create a 3-D model of both the affected and unaffected arm.

The double arch osteotomy is considered a technically difficult 
procedure.[29] However, it avoids the lateral epicondyle. It can also be 
performed via a muscle-sparing paratricipital approach, thus minimizing 
postoperative stiffness. The osteotomy is performed with the convexity 
toward the proximal axis. The distal fragment is then rotated to achieve 
the desired correction. Healing is usually smooth due to the large 
surface area of the osteotomy. However, rotation of the distal fragment 
is difficult. In addition, this may result in ulnar nerve disruption. A 
recent modification of the double arch osteotomy has been proposed to 
facilitate rotational correction from the center of the deformity, without 
disrupting neural structures.[30] Like the multiplanar osteotomy, this 
procedure has the advantage of addressing the rotational component of 
varus due to varus. Complications of this technique include transient 
radial nerve palsy and overcorrection. Reduction osteotomy is a bone-
forming technique that involves gradual, controlled stretching of the 
osteotomy site over time using traction. It is performed on the ulna to 
treat ulnar varus. Compared with other osteotomy techniques, reduction 
osteotomy has a low rate of loss of correction.[31]

Differential diagnosis

Ulnar varus is usually caused by an abnormal supracondylar fracture. 
Differential diagnoses include ulnar varus deformity due to a previous 
fracture involving the lateral condyle, trochanteric necrosis, and distal 
humeral trauma.

Treatment planning

Planning for a corrective osteotomy involves obtaining radiographs of 
both upper limbs, recording clinical and radiographic parameters, and 
calculating the angle of correction. Drawings are required to prepare a 
specimen for the osteotomy.

Prognosis

Ulnar varus, if left untreated, does not cause loss of function. The main 
indication for corrective osteotomy is cosmetic. However, surgery is 
required in cases of persistent deformity with other clinical features such 
as instability and ulnar neuropathy.

Complications

Complication rates from these procedures have been reported to be as 
high as 15%, including radial and ulnar nerve injury, lateral epicondyle, 
infection, stiffness, scarring, and under- or overcorrection. The majority 
(approximately 75%) of reported cases of nerve compression are 
transient and associated with the posterior approach.

Postoperative Care and Rehabilitation

Postoperative care varies depending on the corrective procedure 
performed. A posterior elbow splint is used for 2 to 3 weeks, followed 
by active range-of-motion exercises. The K-wire is removed after 4 to 6 
weeks depending on healing.

Follow-up also varies depending on the type of osteotomy and fixation.
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Cubitus Valgus

Cubitus valgus is a deformity in which the forearm curves away from 
the trunk when the arm is fully extended (Fig 25). With the palm facing 
up and the arm extended, you may have cubitus valgus if the angle of 
inclination (the angle of the arm relative to the trunk) exceeds 15 degrees.

However, cubitus valgus can be diagnosed with an angle of inclination 
between 3 and 29 degrees. This angle is often more pronounced in 
women.

This condition does not always require treatment, but in some people it 
can compress the nerves in the arm, causing complications.

Causes of Cubitus valgus
There are two possible causes of scoliosis [32]:

Congenital conditions & fractures
• Fractures
- Traumatic fracture of the humerus (most common)
- Abnormal lateral condyle fracture
- Osteonecrosis of the trochanter (static)
- Intercondylar fracture (static)
- Abnormal medial condyle fracture (static)
• Congenital conditions
- Turner syndrome
- Noonan syndrome.

Turner syndrome is a chromosomal disorder in which girls are born 
with only one X chromosome. People with Turner syndrome experience 
a number of other symptoms, including short stature and delayed 
puberty. Treatment usually involves hormone replacement therapy.

Noonan syndrome is another genetic disorder that results in delayed 
growth. It is usually caused by a gene mutation, but sometimes doctors 
are not sure why it develops. Although there is no cure for Noonan 
syndrome, there are a number of treatments that can help reduce its 
effects.

Types of Cubitus Valgus [33]
Static (non-progressive)
Progressive

Examination [34]
Excessive deformity
Limited flexion
Lateral tilt and medial angle at the elbow joint.
Muscle numbness
Medial epicondyle
Palpation
Joint pain
Large and uneven lateral epicondyle
High lateral epicondyle
Diagnosis

Figure  25: Illustration of Hyperexteded Elbow.

Figure 26:  Carying angle increased.

Diagnosis involves a physical examination and imaging tests, such as 
X-rays, to assess the degree of deformity and confirm the diagnosis. 
When the palm is facing up and the arm is straight, the angle of 
inclination—the angle the arm makes relative to the trunk—is an 
important factor. An angle of inclination greater than 15 degrees usually 
indicates cubitus valgus. However, the diagnosis can occur with angles 
ranging from 3 to 29 degrees, and this angle is more pronounced in 
women (Figure 26) [35].

Peripheral neuropathy is associated with cubitus valgus. This is a 
condition that affects the ulnar nerve, one of the three main nerves in 
the arm. Ulnar neuropathy typically occurs when the ulnar nerve is 
compressed or irritated, causing numbness, tingling, and sometimes 
muscle weakness. In most cases, treatment involves limiting physical 
activity and wearing braces. However, if these conservative treatments 
are not effective, your doctor may recommend surgery. Elbow valgus 
can also cause a condition called late ulnar nerve palsy, a type of ulnar 
neuropathy.

Internal rotation deformity with increased internal rotation (Yamamoto 
maneuver)

Decreased external rotation, compensated by increased shoulder joint 
mobility

Treatment [36]

If cubitus valgus is not compressing the ulnar nerve, you may not need 
treatment.

Stretching, strengthening, and joint mobilization exercises may be 
helpful to some extent with the help of an elbow brace.
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Treatment Physical therapy

Heat may be used to reduce stiffness and pain.

Gentle soft tissue release exercises for the arm and forearm muscles 
may be performed.

Gentle, active exercises with chopsticks and guided within pain-free 
limits - frequently throughout the day. Isotonic exercises for the arm and 
forearm muscles can be performed. Avoid weight lifting.

Surgical treatment [37]

In most cases, cubitus valgus is treated with one of two procedures:

Osteotomy or fixation [38, 39].

Osteotomy is a procedure in which the surgeon cuts the bone to reshape 
it, thereby changing the alignment of the bone.

A special type of osteotomy called a reduction osteotomy has been 
used to treat scoliosis in children. This surgery works by creating a 
longer bone from a shorter bone. The bone that is cut during surgery is 
stretched using a device called a reduction device, a process that is only 
mildly painful. New bone grows into the space created by the reduction 
device, creating a longer bone to replace the shorter bone.

Fixation is the process by which a surgeon reconnects the bones in the 
elbow, usually after a fracture.

Milch osteotomy is a surgical procedure used to correct cubitus valgus, 
a condition in which the elbow is abnormally bent outward (Figs 27). 
The procedure involves cutting and reshaping the bone to restore a 
natural elbow angle, often without the need for ulnar nerve transposition. 
This technique is considered effective in correcting the deformity and 
relieving symptoms associated with delayed ulnar nerve palsy that may 
occur with cubitus valgus. Milch osteotomy with rigid plate and screw 
fixation is a reliable technique for correcting cubitus valgus deformity 
due to lateral humeral condyle fractures in all patients [40]. Additional 
anterior ulnar nerve transposition may not be necessary in patients with 
TUNP because the nerve will be lax after correction of the deformity. 
However, recovery of the ulnar nerve may also depend on the timing 
and severity of the preoperative injury. Because of the limited number of 
cases in this study, a larger prospective study may be needed to confirm 
the conclusions. The current preferred indications of some authors are 
lateral deviation > 20°, lateral elbow pain (very rare), and sometimes 
cosmetic difficulty for frontal plane deformities and flexion ≥ 20° or 
extension > 25 to 30° for vertical plane deformities [41].

1. Age: Growing children are at higher risk of scoliosis, as their bones 
are still growing and are more susceptible to deformity.

2. Trauma: People with forearm injuries are at higher risk of scoliosis.

3. Genetics: Some people may have a higher genetic risk of skeletal 
abnormalities, such as scoliosis.

Complications of Cubitus Valgus [43]

Cubitus Valgus is a known cause of ulnar neuropathy. This is a disorder 
involving the ulnar nerve, one of the three main nerves in the arm.

Ulnar neuropathy typically occurs when the ulnar nerve is compressed 
or irritated, causing numbness, tingling, and sometimes muscle 
weakness. Treatment primarily involves limiting physical activity and 
wearing a brace. However, if these conservative treatments are not 
effective, surgery may be needed. Cubitus Valgus can also lead to late 
ulnar nerve palsy, a type of ulnar neuropathy. This is a chronic condition 
that is often associated with Cubitus Valgus.

Ulnar nerve palsy is a progressive condition that usually gets worse 
over time. You may experience loss of feeling in your fingers, especially 
your ring and little fingers, as well as loss of coordination, tingling and 
burning, pain, and muscle weakness.

There are several treatment options for symptoms of ulnar nerve palsy, 
including over-the-counter medications and physical therapy.

Orthopedic osteotomy after distal humeral union can reliably restore 
anatomy and function, even in complex three-dimensional deformities 
such as scoliosis. Furthermore, K-wire reduction can be performed 
without plate fixation, followed by hardware removal. Bone union 
after closed reduction and percutaneous fixation of SCH occurs in 
approximately 5% of cases. Liu et al. [46] compared the surgical results 
of SCH reduction in pediatric fellows and treating specialists and found 
that both groups had similar rates of loss of reduction. However, the rates 
of combined loss of reduction and non-ideal reduction were significantly 
lower in treating specialists. Loss of reduction in Gartland type III SCH 
fractures is more common in fractures treated with two lateral pins, but 
there are no reports of fractures fixed with three pins.[47]. 

Loss of reduction is a three-dimensional deformity characterized 
primarily by hyperextension in the vertical plane and varus in the vertical 
plane. Reconstruction in young children can correct the deformity and 
improve the flexion deficit. However, older children may lose the ability 
to flex the elbow, affecting their activities of daily living. Simanovsky et 
al. [48] followed 30 patients with SCH fractures with a mean follow-up 
of 8.2 years and found that 77% had a humeral condyle angle that differed 
by 5° from the contralateral limb. However, 50% of them had clinical 
symptoms, but only 10% of patients felt mild subjective functional 
disability at final follow-up. Guven et al. [49] evaluated the long-term 
functional and cosmetic outcomes according to the Flynn criteria and 
coronal and sagittal plane reconstruction of displaced SCH fractures 
treated with open reduction and internal fixation in 49 patients after a 
mean follow-up of 22.4 years. The cosmetic and functional outcomes 
were satisfactory in 93.9% and 83.7% of patients, respectively. The 
mean flexion defect was 5 ± 8°, while the mean extension defect was 
4 ± 5°. At final follow-up, the mean differences in Baumann angle and 
humeral condyle angle between the affected and unaffected sides were 
-4 ± 7° and 0 ± 3°, respectively. [49] The present study reported the 
outcomes of 38 children who underwent osteotomy for correction of 
SCH fracture nonunion. The authors' current preferred indications are 
>20° lateral deformity, lateral elbow pain (very rare), and occasionally 
cosmetic difficulty for frontal plane deformities and ≥20° flexion defect 
or >25 to 30° extension defect for vertical plane deformities. The 

Figures  27:  Milch osteotomy is a surgical procedure[40].

Risk factors [42]

There are several risk factors that may increase the risk of scoliosis, 
including:
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preferred technique in this series was lateral closed wedge osteotomy 
with K-wire fixation to correct the deformity (medial closed wedge 
for valgus). Several authors have described novel techniques to 
improve planning and surgery of such complex deformities using 
custom-designed surgical templates. However, these computer-assisted 
procedures require high-radiation computed tomography to create 
the template and are expensive. However, they may be a reasonable 
alternative for more precise three-dimensional deformities. The method 
described in this article is feasible and reliable. Recently, other authors 
have described alternative methods for correcting the vertical plane 
using external fixators. At our institution, external fixators are generally 
avoided due to their inconvenience, complication rates, and relatively 
long duration of use.

Conclusion

Cubitus valgus can cause discomfort and limit mobility, but there 
are many treatments available to help control symptoms and improve 
overall forearm health. Understanding the causes and risk factors for 
scoliosis can help prevent injury and seek treatment early. Treatment 
options for scoliosis will depend on the severity of the deformity, but 
may include observation, physical therapy, bracing, or surgery. Seeking 
medical advice and working with a healthcare professional can help 
control symptoms and improve overall forearm health.

Distal humeral osteotomy is a reliable method for effectively correcting 
distal humeral malalignment in multiple planes, thereby improving 
elbow range of motion and aesthetics. Overall, the results of this study 
show significant clinical and radiographic improvements, which are 
important for activities of daily living.

 3. HyperExtended Elbow.

A normal movement can turn into an unexpected injury when the body 
is stretched beyond its normal range. Although common in athletes and 
those who participate in physical activities, elbow hyperextension can 
happen to anyone. This injury occurs when the elbow joint is bent beyond 
its normal range of motion, causing discomfort, pain, and sometimes 
more serious complications (Figs 28). Treatment of hyperunion of the 
distal humerus is performed with osteotomy, several types of which 
have been described in the literature. The purpose of this article is to 
highlight the possibility of using Chevron osteotomy in cases of axial 
fixation of the distal humerus. The patient presented in this case report 
had undergone multiple interventions after sustaining an AO/OTA 13C1 
fracture of the right arm. When the fusion was determined, her range of 
motion was 40-90 degrees in flexion. We performed a vertical Chevron 
osteotomy on the condyle in 30 degrees of extension. Postoperatively, 
her range of motion improved to 40-135 degrees in flexion.

Some authors have chosen the Chevron osteotomy because it creates 
an increased interface area between the two bone fragments (30%) and 
provides good rotational stability. However, information in the literature 
is limited and future studies are needed to demonstrate the use of 
Chevron osteotomy in cases of excessive distal humeral fusion.

Distal humerus fractures are uncommon in daily practice and require 
a high level of skill and equipment to perform the best treatment. Only 
23.2% of humerus fractures are located distal, compared to more than 
50% proximal [50, 51]. The distribution of cases is bimodal, with the first 
peak being noted in late puberty in young adults, while the second peak is 
seen in the elderly, especially women [52]. The mechanism of formation 
is age-related, with young patients being victims of high-energy trauma 
(e.g., motor vehicle accidents), while low-energy/osteoporotic trauma 
leads to distal humerus fractures in the population over 65 years of age 
[53]. Although some cases can be treated nonoperatively, regardless 
of their classification, the majority of distal humerus fractures require 
surgery, most of which are surgical internal fixation (ORIF). The 
outcome of treatment is crucial because the elbow is prone to stiffness. 
Although the arm is immobilized postoperatively, a removable splint 
is recommended for early rehabilitation. Furthermore, shoulder 
abduction should be avoided to avoid stress due to elbow valgus. Early 
mobilization is only recommended if immobilization is adequate and the 
patient complies with ROM guidelines [54, 55, 56]. These fractures are 
prone to complications. The most common complication is abnormal 
bone healing, accounting for more than 30% of all complications (ulnar 
neuropathy, nonunion, infection, etc.) [57, 58]. Factors such as the 
blood supply to the metaphysis, the quality of the reduction, and the 
lack of immediate postoperative follow-up of the patient may influence 
the development of abnormal bone healing.[59] The location may be 
intra-articular or supracondylar. The intra-articular location is more 
painful for the patient, can cause disability, and can be more difficult 
to treat than the supracondylar location [57, 60]. The latter implies a 
congruent joint space with respect to the angle of the articular bones - 
varus, valgus, extension, etc. Patients with extra-articular dislocations 
complain of reduced range of motion and a particular aesthetic aspect 
of the elbow.

Reasons for admission [61]. Pain is not present in all cases of 
hyperflexion or hyperextension of the elbow, but when this movement 
causes additional pain, surgery should be considered.

To treat distal humeral fusion in extension, after careful planning, the 
orthopedic surgeon must correct the deformity with a supracondylar 
osteotomy. Midline realignment surgery may include closed edge 
osteotomy, ladder osteotomy, complex multiplane osteotomy, vault 
osteotomy, and V-shaped osteotomy.

Elbow hyperextension is a condition in which your elbow bends 
backward too much. This condition causes pain, inflammation, ligament 
damage, and in severe cases can lead to a fracture or dislocation of the 
elbow. Elbow hyperextension usually occurs when the elbow is suddenly 
forced backward. It is most common in sports such as gymnastics, 
weightlifting, martial arts, or soccer, but can also occur when falling 
on your hands. Most cases of elbow hyperextension can be treated 
nonsurgically with a combination of rest, medication, exercise, physical 
therapy, and splinting. However, if instability persists, surgery may be 
needed.

Anatomy of a Hyperextended Elbow

A hyperextended elbow is a condition in which the elbow joint bends 
backward beyond its normal range of motion (Fig 29).

The elbow connects the upper part of the arm to the lower part of the 
forearm and is actually made up of three joints:

Figures  28:  HyperExtended Elbow.
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• Radial joint: Located between the upper arm bone and the inner 
forearm bone

• Radial joint: Located between the upper arm bone and the outer 
forearm bone

• Proximal radioulnar joint: Located between the two forearm bones

These joints work together to allow the elbow to flex and extend, that 
is, bend and straighten, and the forearm to rotate, allowing you to rotate 
your hand up and down.

Hyperextension of the elbow occurs at the ulnar joint. The ulnar joint, 
also known as the olecranon joint, is a synovial hinge joint. The elbow is 
supported by various ligaments and the joint capsule, a sac-like structure 
that surrounds the joint and contains nourishing fluid.

With hyperextension elbow injuries, the structures in front of the elbow 
are stretched too far and the structures behind the elbow are compressed, 
which can lead to:

• Ligament sprain: overstretching and possible tearing of one or more 
elbow ligaments

• Cartilage tear: tearing of the cartilage lining the joint

• Loose body: a small piece of bone or cartilage can break

• Joint capsule injury: the joint capsule can be stretched too far or 
compressed, leading to synovitis (inflammation)

• Bone injury: if the hyperextension force is great enough, it can lead to 
dislocation or elbow fracture (breaking one of the bones).

The greater the hyperextension force through the elbow, the greater 
the risk of injury.

The medial collateral ligament and the ulnar collateral ligament 
maintain the stability of the elbow. A tear in any of these ligaments 
can occur when the elbow is under stress. This can occur in athletes 
who play throwing sports, but elbow ligament injuries can also occur in 
non-athletes. 123. Falling onto an outstretched arm or twisting the arm 
forcefully can also tear the elbow ligament. Depending on the severity 
of the tear, a torn elbow ligament may or may not be treated surgically.

Causes of Elbow Hyperextension (Fig 30)

In most cases, elbow hyperextension is caused by a single injury from:

• Contact sports: such as boxing, football, martial arts

• Vigorous physical activities: using the arms, such as gymnastics and 
weightlifting

• Falls: catching a fall and landing on an outstretched arm

Elbow hyperextension injuries can also occur gradually over time from 
repetitive activities such as pitching, such as baseball or cricket, and 
racket sports, such as tennis, especially when technique is poor.

There are also a number of risk factors that can increase your risk of 
elbow hyperextension:

•	 Ageing: As we age, bones become weaker and more brittle, and 
ligaments lose flexibility, making them more susceptible to injury.

•	 Previous injury: A previous injury to the arm or elbow can lead 
to weakness and stiffness in and around the joint, making it more 
susceptible to injury in the future.

•	 Hypermobility: Some people have joints that are too flexible, 
bending beyond their normal range of motion, which can put the 
elbow at risk for injury.

Symptoms of Elbow Hyperextension

Common symptoms of elbow hyperextension include:

•	 A popping sound: at the time of injury.
•	 Pain: sudden, severe pain at the time of injury and constant pain 

when straightening the arm - this may be dull or sharp.
•	 Tenderness: around the elbow when touched or pressed.
•	 Stiffness: in the elbow, this can limit the ability to straighten. If a 

block of bone or cartilage breaks off, it can get stuck in the joint 
and limit movement.

•	 Muscle weakness: loss of strength in the arm muscles
•	 Muscle spasms: especially in the biceps as it tries to protect the 

elbow from further damage
•	 Swelling: in the elbow joint due to excess fluid and/or bleeding in 

the joint

Figure 29:   Anatomy of the Elbow.

Figure 30: A-B. A. Mechanical fall with  Hyperextended Elbow.

B. Illustratino of Athlete with Hyperextended Elbow
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Severe elbow hyperextension injuries involving bone damage or 
dislocations can result in significant deformity of the elbow, reduced 
blood flow, and nerve damage. This can lead to tingling, numbness, and 
temperature changes in the forearm and hand.

Checking for Elbow Hyperextension

If you have an elbow hyperextension injury, you should see your 
doctor as soon as possible. Your doctor will start by taking a medical 
history, asking you many questions about the cause of the injury, your 
symptoms, your medical history, and your daily activities.

Your doctor will then perform a physical examination. First, they 
will look at the shape and position of your arm to assess any deformity, 
swelling, or bruising. Next, they’ll test your arm’s range of motion and 
strength, including movements of the shoulder, elbow, forearm, wrist, 
and hand.

An X-ray, MRI, or CT scan will be done to check for bone and soft 
tissue damage. If hyperextension doesn’t sound like your pain, visit our 
elbow pain diagnosis page for help figuring out what’s causing it.

Treatmental Hyperextended Elbow 

Treatment for hyperextension elbow can often be done at home and 
may include:

1. Rest

Rest and avoiding the initial painful activities after a hyperextension 
elbow injury will allow the joint and soft tissues time to recover and 
reduce the risk of further injury.

You may need to wait a few days to a few weeks before returning to 
your sport. Don't rush back too quickly, as this will only slow down the 
recovery process from a hyperextension elbow injury. It can take up to 
several months to return to pre-injury status, depending on the severity 
of the injury.

2. Ice

Iceing as soon as possible after an injury is a very important part of 
treating acute hyperextension elbow. Ice helps reduce swelling that 
builds up in the elbow joint and helps relieve pain.

If possible, apply an ice pack to the injured elbow for 10-15 minutes 
every few hours for the first few days after the injury. Make sure to wrap 
the ice pack in a material such as a thin towel, avoiding direct contact 
with the skin as this helps prevent the risk of ice burn.

3. Compression

Wearing a compression bandage such as a tubigrip when the elbow is 
hyperextended can help support the joint and reduce swelling. This helps 
speed up the recovery process and protect the joint from further damage.

Ideally, the tubigrip should be worn double thickness and wrapped 
from just below the shoulder down to the wrist for best results.

4. Elevation

When sitting or lying down, prop your arm up on a pillow so that 
gravity can help reduce swelling. Ideally, your elbow should be above 
your heart and make sure your hand is also elevated, otherwise swelling 
from the elbow will collect in the hand. You want the excess fluid to flow 
towards the shoulder where it will be absorbed.

5. Medication

Over-the-counter painkillers and anti-inflammatory drugs can help 
reduce the pain and swelling associated with hyperextension elbow, such 
as paracetamol/acetaminophen (Tylenol) and ibuprofen (Advil).

If you are taking both medications, try spacing them out during the 
day rather than taking them at the same time, for example, waiting a few 
hours after taking one medication before taking the other. This will help 
you manage your pain.

Always check with your doctor or pharmacist before starting any new 
medication and check the dosage carefully.

6. Exercise

Strengthening and stretching exercises are an important part of treating 
hyperextension elbow. You should start some gentle exercises a few 
days after a hyperextension elbow injury.

Strengthening usually starts with isotonic exercises, in which the 
muscle is activated but does not change in length, meaning there is 
less risk of making the injury worse. You can then move on to active 
exercises and stretches to help you regain full strength and range 
of motion in your elbow and forearm. Muscle strains are a common 
problem in hyperextended elbows and biceps stretches are a great place 
to start.

You may need to continue strengthening and stretching exercises for 
about 3-6 months depending on the severity of your overuse injury to 
ensure you regain full strength, stability, flexibility and mobility in your 
arm, otherwise you will be at high risk of further injury in the future.

7. Physical Therapy

Your doctor may recommend physical therapy as part of your treatment 
for hyperextended elbow. Physical therapy may include a combination 
of rehabilitation exercises, joint mobilization, electrotherapy and taping.

8. Hyperextension Elbow Support

If you have signs of instability, hypermobility, or obvious bone damage 
after a hyperextension elbow injury, you may be advised to wear an 
elbow brace for a period of time. (Fig 31)

Figure  31: Patient using brace.

There are different types of elbow braces - some provide gentle support 
to the elbow while others restrict range of motion to prevent you from 
hyperextending your elbow again and risking further injury.

In most cases, you will only need to wear a hyperextension elbow 
brace for a few days. It is important not to wear it longer than necessary, 
as this can cause weakness and strain in the arm. However, you may 
want to wear the brace during your initial sports until your elbow has 
fully recovered.

Surgery

Severe cases of hyperextension of the elbow with significant bone 
or soft tissue damage may require surgery (Figure 32). This usually 
only happens when there is a fracture, torn ligament, muscle or nerve 
damage, or if there are persistent problems with elbow instability despite 
physical therapy.
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After a thorough examination, a 3D CT scan of the elbow was 
performed and revealed a long bone fusion of the distal humeral shaft. 
The patient was evaluated using the Liverpool elbow scale (score: 
3.66/poor; Range: 0/severe-10/normal) and the American Society for 
Shoulder and Elbow Surgery elbow scale. The ASES-E scale showed 
that the patient rated his pain as 5-6 (Range 1-10; 0 = no pain/10 = worst 
pain ever) and the subjective function of the right elbow was rated as 0-1 
(unable/very difficult to perform the activities listed in the questionnaire). 
The choice to use these two surveys was made because neither scale 
is considered the gold standard, the ASES-E is organ-specific and has 
multiple criteria, and the LES is fast and reproducible [62], [63]. If 
possible, elbow surgery will be performed by an endoscopic approach 
combined with laparoscopic locking surgery because the recovery time 
is much shorter, but in complex cases, open surgery with a large incision 
may be required.

The mobility of the arm is very important for our daily life, any 
impairment of its function will significantly affect the patient, the 
patient's life and workplace, etc. The normal range of motion of the 
elbow is from 0-140 degrees of flexion, while most movements are 
performed within the range of 30 to 130 degrees [5, 64]. Moreover, 
the range of rotational motion ranges from 180 degrees of pronation 
to 80 degrees of supination [65]. If the bony structures are deformed 
intra-/extra-articularly - the range of motion will be reduced due to 
mechanical obstacles. The cause of functional impairment in this case is 
bony deformity, not other soft tissue pathology. Because of this complex 
flexibility, the elbow must be stable and the articular surfaces must be 
homogeneous because any damage to the “loose hinge” will reduce the 
patient’s range of motion and quality of life. Another aspect of elbow 
biomechanics is the screw displacement axis (SDA), which refers to the 
change in the arm axis relative to the forearm axis during elbow flexion. 
The SDA can vary from 2.6-5.7 degrees during flexion [66]. This fact 
explains why a change in the axis (varus/valgus) will reduce the ability 
to flex.

After surgery (Fig 33), the elbow can be immobilized with a splint/cast 
for a period of time until the elbow heals. When appropriate, you can 
start a rehabilitation program with a physical therapist until the elbow is 
completely healed.

Recovery from surgery to treat elbow hyperextension can take 
anywhere from a few weeks to a few months depending on the type of 
surgery and the severity of the injury.

Rehabilitation and Prevention for Hyperextension Elbow

In most cases, hyperextension elbow injuries will improve within a few 
weeks with a combination of PRICE (protection, rest, ice, compression 
and elevation) and exercises.

If the injury occurred in a non-contact sport, it is important to ensure 
that your technique is not contributing to the injury. Work with a coach 
to assess and, if necessary, improve your technique, such as racket angle 
in tennis or hand/arm position in acrobatic gymnastics, especially if the 
injury is due to repetitive hyperextension rather than a single injury.

It is also important to ensure that you have good strength, endurance and 
flexibility in the area around the elbow. Biceps and triceps strengthening 
and stretching exercises, as well as shoulder blade stabilisation exercises, 
can help ensure this and reduce the risk of future elbow injuries.

If you have hypermobility syndrome, wearing an elbow brace or splint 
while playing sports can help reduce the risk of repetitive hyperextension 
and prevent hyperextension elbow injuries.

Summary

• Hyperextension elbow is a condition in which the elbow is pushed 
back and bent more than it should be.

This can lead to damage to the bones and soft tissues in and around 
the elbow.

•	 Common causes of hyperextension elbow include sports such as 
gymnastics, weightlifting, and soccer, or falls on hands and knees.

•	 Symptoms of hyperextension elbow may include a popping sound 
when injured, pain, swelling, stiffness, and weakness in the joint.

•	 In most cases, hyperextension elbow injuries can be treated at home 
with a combination of PRICE and exercises.

•	 More severe injuries may require surgery to repair broken bones or 
torn ligaments.

•	 Recovery from hyperextension of the elbow can take anywhere 
from a few days to a few months depending on the severity of the 
injury.

•	 If this does not sound like your pain, visit our elbow pain diagnosis 
section for help in finding the cause.

Figure 32: X Ray Pre-Operation. A. Anterior-posterior X-Ray of 
the elbow – no varus/valgus deviation; B. Lateral elbow X-Ray 
shows posterior deviation of the distal epiphysis of humerus; C. 3D 
CT proves the hyperextension malunion; D. 3D printed model – 
measurement shows 30 degrees of posterior angulation.

Figurre  33: Post-Operative Chevron osteotomy. A. Anterio-
posterior;  B. Lateral view
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Conclusion
Elbow injuries are a collection of osteochondral lesions that, if left 

untreated or inadequately treated, can lead to long-term consequences. 
Prompt diagnosis requires a high index of suspicion when the elbow 
is unusually swollen compared to a normal X-ray. These injuries 
are displaced and unstable but are rarely seen on X-rays due to their 
cartilaginous nature. These injuries almost always require additional 
imaging such as Ultrasound, MRI, Arthrography or CT Scan for accurate 
diagnosis. The goal is to achieve anatomical correction after internal 
reduction with or without soft tissue repair to achieve a fully functional 
elbow and prevent subsequent complications.

Today, significant advances have been made in the surgical treatment 
of "cubitus varus and valgus" deformities, thanks to virtual surgical 
simulation performed on three-dimensional (3D) joint models and 
3D-printed patient-specific surgical guides. These technologies have 
significantly reduced surgical risks and improved surgical outcomes.
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