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15.1   Introduction

Post-traumatic stiffness is the most common and oldest known complication after 
elbow trauma [1,2]. The elbow is particularly susceptible to contracture after trauma 
because of its congruent nature, proximity of the triceps and brachialis, and potential 
to develop heterotopic ossification (HO) and capsular inflammation [1,3,4].

Complex post-traumatic elbow stiffness includes elbow stiffness related to non-
union, malunion, and post-traumatic osteoarthritis. Post-traumatic elbow stiffness can 
range from mild to severe and may be extremely difficult for the patient because of 
pain and resultant limitations in activities of daily living. Because of the multitude 
of factors involved, the technical challenges surrounding surgery, and the refractory 
nature of the injury, the treatment of post-traumatic elbow stiffness can be complex 
and frustrating for patient and surgeon.

This chapter begins with an overview of the epidemiology and pathophysiology 
associated with post-traumatic elbow stiffness related to post-traumatic osteoarthritis, 
nonunion, malunion, and associated soft-tissue contractures. The body of the chapter 
discusses proper patient evaluation, including history, physical examination, imag-
ing techniques, and laboratory examination so as to identify the primary cause of the 
patient’s stiffness. The chapter concludes with a summary of the available surgical and 
nonsurgical treatment strategies and the anticipated outcomes after treatment of com-
plex elbow stiffness. Finally, the complications frequently encountered after surgical 
intervention are discussed.

15.2   Pathophysiology

Post-traumatic elbow stiffness occurs in approximately 5% of all traumatically injured 
elbows, including 20% of intercondylar and supracondylar elbow fractures [5]. A good 
framework must be established when addressing the etiology of joint stiffness. The 
following section will assist in understanding the biology behind capsular stiffness 
and will describe the ways in which joint stiffness can develop. Post-traumatic elbow 
stiffness may be organized by the tissues affected by contracture and their location of 
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involvement (Table 15.1 and Figure 15.1) [6,7]. Contracture may occur because of 
bone development in the form of spurs or heterotopic bone, or via soft-tissue contrac-
ture, either intra-articularly or extra-articularly. Soft-tissue contracture may be divided 
into stiffness caused by the capsule, muscle/tendon units, and ligaments.

15.2.1   Capsular contracture

The capsule is the primary mode of stiffness in a nonarthritic elbow joint. It typi-
cally is a thin, translucent membrane, but elbow trauma usually causes the capsule to 
become thickened and inflamed. In its thickened state, the capsule contains a multi-
tude of myofibroblasts as well as increased collagen (Type I, III, V) levels and matrix 
metalloproteinases (MMP-1, -2, -9, -13, and -15). It also contains less proteoglycan, 
water content, and MMP tissue inhibitors [7–11].

Traumatic injury causes the release of several inflammatory enzymes, including 
tumor necrosis factor (TNF)-α, transforming growth factor (TGF)-β, and interleukin 
(IL)-3. Capsular myofibroblasts are the primary cell behind capsular contracture and 
are affected by the inflammatory mediators. Flexion contracture appears to be more 
common than extension contracture in elbow injury. Interestingly, studies demonstrate 

Table 15.1 Pathophysiology of the post-traumatic stiff elbow

Intra-articular Extra-articular

Soft tissue  •  Intra-articular adhesions  •  Capsule contracture
 •  Ligament: Medial or lateral 

collateral ligament contracture
 •  Brachialis muscle
 •  Triceps
 •  Skin
 •  Subcutaneous tissue contracture

Bone  •  Intra-articular fracture
 •  Articular malalignment
 •  Loss of articular  

cartilage
 •  Joint incongruity
 •  Arthritis
 •  Loose bodies
 •  Osteophyte  

impingement
 •  Coronoid fossa
 •  Olecranon fossa
 •  Osteophytes
 •  Coronoid
 •  Olecranon

 •  Extra-articular fracture
 •  Extra-articular malunions
 •  HO
 •  Myositis ossificans
 •  Periarticular calcifications

Mixed  •  Extrinsic contractures secondary 
to intrinsic pathology
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a higher number of myofibroblasts in the anterior capsule than posterior capsule 
[12]. Whether this stems from the anterior capsule being more at risk for scarring 
or an inherent property of the anterior capsule is unclear. Mast cells and female sex  
hormones, such as estrogen and relaxin, have been shown to influence activity and  
differentiation of myofibroblasts; thus, they may also play a role in capsular contracture 
[7,12–36].

15.2.2   Muscular contracture

Muscular inflammation because of elbow trauma may also play a role in elbow con-
tracture. When traumatized, the brachialis and triceps muscles are involved in a mech-
anism called co-contracture, which leads to diminished motion and stiffness [37,38]. 
The brachialis becomes tight in extension whereas the triceps limits flexion move-
ment. The triceps also limits elbow motion via adhesions to the posterior humerus 
and joint capsule. Muscular contracture is thought to develop early in the process of 
post-traumatic elbow stiffness. Muscular contracture may be one of the more chal-
lenging areas to surgically resolve because of potential changes associated with mus-
cular stiffness and atrophy [39].

15.2.3   Ligamentous contracture

Contracture of the collateral ligaments is considered an important factor in the etiol-
ogy of elbow stiffness. The medial collateral ligament (MCL) and lateral collateral  
ligament (LCL) cause elbow contracture because they assume a shortened posture 
when the elbow is flexed. When the ligaments become contracted, it can be challenging 

Figure 15.1 Causes of elbow stiffness.
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to return them to their original length and tension with conservative measures. Occa-
sionally, in severe cases in which patients lack flexion, the posterior band of the MCL 
may be sectioned to improve range of motion [1,40].

15.2.4   Contracture of skin

Skin plays an important role in elbow stiffness after trauma because it is frequently 
affected in open fractures; burns; or in large, open surgical approaches that in some 
cases cause hypertrophic scars and contractures (Figure 15.2) [41].

15.2.5   Heterotopic ossification and bone formation

HO occurs after traumatic injury to the elbow. Other forms of bone dedifferentiation 
occur in the form of myositis ossificans (MO) and periarticular calcifications. HO is 
most likely to limit elbow motion and is thoroughly discussed in Chapter 13. A more 
severe form of HO is ankylosis or synostosis of the elbow. Ulnohumeral, radioulnar, 
or radiohumeral ankylosis or synostosis may occur in severe traumatic episodes or 
in patients with extensive surgery, neurologic injury, or other risk factors. Ankylosis 
or synostosis is rare but extremely disabling. MO and periarticular calcifications are 
not common causes of post-traumatic elbow stiffness, but they are discussed in this 
chapter (Figure 15.3).

Figure 15.2 Soft-tissue-related injury to the anterior elbow resulted in a skin and soft-tissue 
contracture. (a, b) Demonstrate an thoracoabdominal flap utilized to improve elbow motion. 
Note that the flap extends beyond the elbow flexion crease so as to improve motion.
© Vivian Otavo, MD
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Figure 15.3 A 52-year-old woman was involved in a motorcycle accident in which a deer ran 
out in front of her. She sustained a Grade 3A open olecranon fracture. (a, b) Three-dimensional 
renderings of her fracture. (c, d, e, f) Anteroposterior (AP) and lateral radiograph 6 months 
following ORIF of the fracture. (e, f) The patient had developed extreme HO and had lost all but 
5° of flexion and extension. (g, h) AP and lateral radiographs after removal of hardware and exci-
sion of HO through a lateral column approach. The patient’s final range of motion was 10–120°.
Courtesy of R. Michael Greiwe, MD
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15.2.5.1   Periarticular calcifications

Periarticular calcifications are usually found in the capsule and collateral ligaments. 
They are amorphous calcium pyrophosphate collections without trabecular organiza-
tion. In general, they signify significant trauma, but they do not lead to loss of elbow 
motion as they are currently understood [42,43].

15.2.5.2   Myositis ossificans

MO rarely causes limitation in motion and frequently occurs after significant muscu-
lar trauma. Myositis represents a non-neoplastic, heterotopic bone formation within 
muscle or fascia, presumably because of acute trauma or repeated injury [44]. Some 

Figure 15.3 Continued.
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theories have been proposed to explain its pathophysiology, including displacement 
of bony fragments into the soft tissue and hematoma with subsequent proliferation, 
detachment of periosteal fragments into the surrounding tissue with proliferation of 
osteoprogenitor cells, and differentiation of extraosseous cells exposed to bone mor-
phogenic protein (BMP). According to this theory, trauma has bone fragmentation 
that may result in autolysis and release of BMP into the soft-tissue mass, leading to 
progressive ossification [45]. Lesions result in significant functional deficit in only 
10–20% of patients and rarely cause ankylosis of the elbow [46]. It is more common 
in muscles that are repeatedly strained or injured [47], and bandaging and repeated 
massage for traumatic conditions increase the risk of MO. In its early stages, it is 
possible to see radiographic hyperintense specks around the joint that later become 
fully ossified bone [46].

15.2.5.3   Osteophytes

Bone formation occurs after the development of post-traumatic osteoarthritis of the 
elbow. In this scenario, osteophytes fill the olecranon and coronoid fossae and form 
on the olecranon and coronoid tip, causing bony impingement and limiting motion. 
These osteophytes may be covered with apparently normal hyaline cartilage, which is 
thought to be a biologic response to resurface the diseased joint [48].

15.2.6   Post-traumatic osteoarthritis

When a traumatic injury causes damage to the articular cartilage of the elbow, a 
progressive sequence of cell and matrix changes results in loss of articular cartilage 
structure. Damage to the articular cartilage subsequently increases inflammatory and 
injury-mediated breakdown of the joint, resulting in the formation of fissures, focal 
erosive cartilage lesions, cartilage loss and fragmentation, subchondral bone sclero-
sis, cyst and large osteophyte formation at the margins of the joint, capsular thicken-
ing, and contracture [48]. The spectrum of post-traumatic osteoarthritis includes that 
caused by isolated malunion, nonunion, impact- and fracture-related cartilage dam-
age, iatrogenic cartilaginous injury, or combinations thereof. The elbow is not thought 
of as a weight-bearing joint, but during heavy manual labor, the ulnohumeral joint 
carries up to 3 times body weight and up to 0.5 times body weight during activities 
of daily living [49]. Therefore, post-traumatic arthritis of the elbow may result in sig-
nificant pain and disability after treatment for those who still are functionally active.

Few long-term studies detail post-traumatic elbow osteoarthritis. In 2010, Guitton et al. 
followed 139 patients over a period of 10–34 years after elbow injury and noted that 
osteoarthritis was more common after an elbow fracture-dislocation or an intra-articular 
fracture of the distal humerus than other fractures about the elbow [50]. Another article 
demonstrated that intra-articular fractures of the distal humerus are susceptible and are 
responsible for a rate of osteoarthritis of 80% at 12–30 years after injury [51]. Intra- 
articular Mason Type II and III radial head fractures demonstrated a rate of arthritis 
that was 60% higher than the contralateral uninjured side at an average follow-up 
of 18 years in another study [52]. It is interesting to note that radial head resection 
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significantly altered joint mechanics enough that 100% of patients that underwent this 
procedure for a severe radial head fracture developed arthritis [53].

Elbow fracture-dislocations have an extremely high rate of post-traumatic osteoar-
thritis, particularly if persistent subluxation occurs [54,55]. These patients will develop 
post-traumatic osteoarthritis fairly quickly, and it is seen in 46–76% of cases [54]. 
Other proximal ulna fractures have a worse prognosis, including those with a joint 
step-off of 2 mm or greater or Regan and Morrey Type III coronoid process fractures.

What appears consistent is that rates of osteoarthritis are high for fracture-dislocations 
and distal humerus fractures, especially in situations of persistent subluxation or 
intra-articular step-off. When studying the effects of the particular fracture pattern on 
osteoarthritis rates, it is difficult to eliminate the other variables, including iatrogenic 
cartilage injury and malunion in these results. Nonetheless, it is worthwhile to discuss 
these particular issues with patients before their surgeries (Figure 15.4).

15.2.7   Malunion

Malunion of the distal humerus results in abnormal biomechanics of elbow flexion and 
extension. Distal humeral malunion typically results in diminished motion, secondary 
arthritis, and capsular contracture. Reduction of the articular surface may be chal-
lenging because many small and irregular fragments may exist; however, anatomical 
reduction must be performed to maintain joint congruence and normal movement. 
Intra-articular fractures are especially susceptible to malunion, which is associated 
with loss of motion [1,56–59].

15.2.7.1   Intra-articular malunion

Joint incongruity caused by a malunion between the ulna and trochlea or the radial 
head and capitellum produces a mechanical obstacle for movement leading to a lack 
in flexion, extension, or both. In these cases, osteoarthritis is common, leading to pain 
and stiffness [41]. In cases of radial head malunion, pronation and supination will be 
compromised [41,59–61]. Flexion and extension may be obstructed via a malunion of 
the greater sigmoid notch. Any alteration in its shape or size could lead to impinge-
ment between the notch and trochlea, restricting movement.

In comminuted fractures, it may be challenging to anatomically reconstruct the 
joint surface, but it is important to do so (Figure 15.5). The cartilage surface must be 
appropriately reconstructed to allow for adequate range of motion (Figure 15.6) [41].

15.2.7.2   Extra-articular malunion

The axis of the articular surface in relation to the long axis of the humeral shaft should 
also be reconstructed with flexion (30°), internal rotation (5°–7°), valgus inclina-
tion (6°–8°), and anterior offset (4°–8°). The lateral column flexes more anteriorly, 
whereas the medial epicondyle and medial column are more in line with the humeral 
shaft [1,41,62]. The most common malalignment in the sagittal plane is extension, 
which results in decreased elbow flexion [63–65].

In the coronal plane, alterations in the normal elbow valgus limit extension 
because of olecranon impingement and they may compromise elbow stability [41,66].  
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In addition, shortening of the lateral column leads to cubitus valgus deformity and 
associated tardy ulnar neuropathy whereas malalignment of the medial column may 
lead to cubitus varus and loss of range of motion [41].

15.2.8   Nonunion

Nonunions can be particularly difficult and can lead to pain, instability, stiffness, 
intra-articular adhesions, and (in some cases) blood supply compromise [59,67].

Figure 15.4 A 74-year-old woman presented after ORIF of the distal humerus 10 years prior. 
Extensive post-traumatic osteoarthritis developed, leaving her with minimal motion and  
pain (a, b). She underwent total elbow arthroplasty (c, d), which resulted in good pain control 
and function.
Courtesy of R. Michael Greiwe, MD
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Figure 15.5 A 27-year-old Hispanic man was involved in a fall from a ladder. (a, b) Antero-
posterior and lateral radiograph after the injury. (c, d) Three-dimensional renderings of the 
comminuted intra-articular distal humerus fracture. (e, f) Post-ORIF after the fracture. (g, h) 
Three-dimensional CT after fracture fixation. Final range of motion was excellent (5°), lack-
ing full extension to 135° of flexion.
Courtesy of R. Michael Greiwe, MD
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15.2.8.1   Distal humeral nonunion

Supracondylar nonunion is a rare complication after supracondylar fracture. Ack-
erman and Jupiter published a series of 20 patients with distal humerus nonunion 
after an average 16 years of follow-up [68]. Nonunion is typically due to the inabil-
ity to obtain stable rigid fixation of the fracture at the supracondylar level after 
fracture. Intra-articular fracture comminution or inappropriate initial treatments 
are commonly involved in this entity because the surgical trauma and presence of 
intra-articular synovial fluid can compromise the fragments’ blood supply and heal-
ing potential [41,69].

Figure 15.5 Continued.
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Distal humerus nonunions are becoming increasingly rare with the advent of 
locked bicondylar plating and principles for fixation; however, they can be extremely 
challenging whether they occur in the metaphysis or intra-articular region. Movement 
generally occurs through the site of the nonunion rather than through the joint; 
therefore, intra-articular adhesions and capsular contractures are proliferative. 
Evidence of a nonunion in the metaphyseal or intra-articular region, with evidence of 
good surgical technique, proper principles of fixation, and bicondylar locked plating, 
should prompt the surgeon to consider indolent infection as a cause. Distal humeral 
nonunion is discussed further in Chapter 12.

Figure 15.6 Comminuted distal humerus fractures may go on to nonunion, leaving the patient 
with poor function. (a) A comminuted distal humeral fracture with significant metaphyseal 
comminution. © Felix H. Savoie, III, MD. (b, c) A comminuted fracture of the distal humerus 
before and after fixation.
Courtesy of R. Michael Greiwe, MD
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15.2.8.2   Ulnar and radial head nonunion

Nonunion of the ulna is rare and may be caused by inadequate fixation, infection, 
or poor bone quality. Depending on the site of the nonunion, range of motion of 
the elbow may occur through the nonunion site; however, intra-articular nonunions 
generally result in less extension because the proximal ulna displaces posteriorly 
[41,67,70,72]. The treatment of ulnar nonunion is discussed more thoroughly in 
Chapter 13.

Radial head nonunion can cause stiffness in pronation and supination and is more 
common at the surgical neck. Fortunately, symptoms rarely require operative manage-
ment because pain and range of motion loss can be minimal. In more extensive cases, 
open reduction and internal fixation (ORIF) with bone grafting or radial head replace-
ment may be utilized [59,73,74]. The treatment of radial head nonunion is discussed 
further in Chapter 11.

15.3   Classification

Several classifications of post-traumatic elbow stiffness have been described. The 
most common classification for post-traumatic elbow stiffness is the Morrey classifi-
cation, which details stiffness according to the origin of the pathology. The Kay clas-
sification describes the underlying cause of elbow contracture, including soft tissue 
(Type I), HO (Type II), healed periarticular fracture (Type III), nonunion or malunion 
(Type IV), or ankylosis (Type V) (Table 15.2) [43,75–77].

15.4   Medical decision-making
15.4.1   Assessment

A comprehensive clinical evaluation is essential to identify the primary source of elbow 
stiffness as well as guide treatment decisions. Adequate understanding and evaluation 
of these patients requires a thorough history, physical examination, and appropriate 
imaging. A detailed medical history should be obtained, paying particular attention to 
comorbidities that may negatively affect the body’s wound- and bone-healing ability, 
including any history of diabetes and oral corticosteroid use [78].

The history can vary based on the source of elbow stiffness. In general, patients 
with a capsular-based etiology gradually lose motion, beginning with loss of full 
extension without significant impairment in daily life. Pain may be noted at end 
range of motion followed by progression to a more serious flexion contracture [79]. 
Patients who suffer from impingement-related pain have discomfort at terminal 
extension and flexion due to osteophytes on the coronoid, olecranon, or adjacent 
fossae [7]. In contrast, osteoarthritis, loose bodies, ulnar nerve dysfunction, and 
articular incongruity produce pain in the middle arc of motion [79,80]. In patients 
who experience pain at rest and have had prior surgery, infection should be sus-
pected and appropriate laboratory studies should be ordered [81]. Early presentation 
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of elbow stiffness can be confused with cellulitis, deep infection, reflex sympathetic 
dystrophy, and thrombophlebitis. If loss of motion appears within the first 2 weeks 
after trauma, then HO should be considered [82].

Patients should be questioned about any previous injury to the elbow and sub-
sequent treatment, including surgical intervention, periods of immobilization, and 
history of infection. Duration of elbow stiffness and previous rehabilitation efforts 
should be ascertained. It is essential to understand the patient’s previous level of func-
tion, occupation, and expectations after surgery. Morrey et al. described a functional 
arc of motion necessary for most activities of daily living as a flexion–extension arc 
of 30–130° and 50° of forearm pronation and supination [83]. Patients with active 
lifestyles and those with physically demanding occupations may have expectations 
that exceed this range. Conversely, elderly patients and those with very low physical 
demands may require less motion. This is valuable knowledge to consider when con-
sidering treatment options for a patient with elbow stiffness.

The physical examination should begin with visual inspection of the involved 
extremity, assessing for skin integrity, scars, deformity, contractures, and swelling. The 
elbow should be palpated and areas of tenderness noted. A thorough neurovascular 
examination must be performed and documented. Ulnar nerve pathology is commonly 
associated with elbow stiffness [84,85]. In cases of prior radial head surgery, special 
attention should be given to the posterior interosseous nerve (PIN) function. Elbow 
range of motion should be evaluated, both actively and passively, and compared to the 

Table 15.2 Elbow stiffness classification according to anatomical 
location and clinical aspects

Classification

Morrey Intrinsic component  •  Intra-articular adhesions
 •  Articular malalignment
 •  Articular malunion/nonunion
 •  Loss of articular cartilage
 •  Adhesions

Extrinsic component  •  Capsular, ligamentous, or muscle contracture
 •  HO
 •  Extra-articular malunions
 •  Soft-tissue (skin) contractures after burns

Mixed Most contractures are a combination of intrinsic 
and extrinsic components

Kay Type I Soft-tissue contracture
Type II Soft-tissue contracture with ossification
Type III Nondisplaced articular fracture with soft-tissue 

contracture
Type IV Healed periarticular fracture with soft-tissue 

contracture
Type V Post-traumatic ankylosis



327Complex post-traumatic elbow stiffness

contralateral side. Painful points and areas of catching or locking should be recorded, 
and elbow stability should be tested. Given that most stiff elbows are stable, elbow 
stability is generally good. However, a fixed dislocation may occasionally present as 
a stiff elbow.

15.4.2   Imaging

Standard radiographs, including anteroposterior and lateral views, should be obtained 
in all cases of post-traumatic elbow stiffness. Radiographs may be evaluated for osteo-
phytes, fracture reduction, healing, and fracture fixation. Computed tomography (CT) 
is recommended in most cases of post-traumatic stiffness because it provides good 
detail of the bony anatomy. When hardware is present, metal artifact diminishes the 
effectiveness of CT [79,86].

15.4.3   Labs

An erythrocyte sedimentation rate, C-reactive protein level, white blood cell count 
should be performed preoperatively, in addition to joint aspiration and possible cul-
tures and frozen section during surgery. All cultures should be held for at least 21 days 
to effectively rule out Proprionibacterium acnes [59,68,70,71].

15.5   Treatment

When managing elbow stiffness, it is important to clarify the expected outcomes after 
treatment with patients and their families. Emotional factors should be considered in 
addition to anatomical and functional components associated with treating elbow stiff-
ness. Patients and families may feel that there is some failure in the initial treatment 
of the elbow if the expectation to obtain a functional elbow at the same level as before 
the injury is unmet. Patients must understand the difference between nonsurgical or 
surgical management and their anticipated outcomes (Table 15.3) [37].

15.5.1   Conservative management

Nonsurgical treatment is indicated in the first 6 months after trauma and in cases 
with minimal arc of motion impairment. Several conservative methods are utilized, 
including physical therapy, serial casting, static and dynamic splinting, continuous 
passive motion (CPM), manipulation under anesthesia (MUA), and botulin toxin  
A injections [87].

15.5.1.1   Rehabilitation

A comprehensive rehabilitation program requires appropriate communication among 
physician, therapist, and patient. The therapist must understand any prior treatment 
received by the patient along with its limitations, advantages, and disadvantages.
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There currently are few published studies providing high-level evidence supporting 
stretching exercises, joint mobilizations, or heat for the treatment of post-traumatic 
elbow stiffness [88]. Despite the lack of formal evidence, physical therapy is still the 
first line of treatment for elbow stiffness.

The theory behind current physical therapy regimens is based on inflammation 
control, early range of motion, and increasing the functional use of the extremity 
[89]. Early programs focus on protecting healing structures, maintaining stability, 
controlling pain, minimizing edema, and moving the elbow through a stable arc of 
motion. This typically involves passive and active-assisted exercises. After 6 weeks, 
therapy is focused on continued stretching and later strengthening [89–91].

15.5.1.2   Heat

Therapeutic heat prepares the tissue for stretching by increasing blood flow and tissue 
extensibility while decreasing pain and muscle spasms related to joint stiffness. When 
applied in combination with prolonged, low-load, steady stretch, increased plastic 
elongation of connective tissue can be achieved. Therapeutic heat can be applied 
superficially using hot packs, electric heating pads, and fluid therapy or more deeply 
through the use of ultrasound [39].

15.5.1.3   Range of motion and strengthening exercises

Exercises can be divided into passive, active (with or without assistance), and strength-
ening exercises. Range of motion decreases intra-articular adhesion formation, promotes 
articular cartilage healing, and improves blood flow to the area. In some cases, it is 
advisable to establish a safe arc of motion to provide a baseline in the first days after 
surgery [89].

Active motion increases the tensile strength of the healing tissues, stimulates arte-
rial flow, assists in cartilaginous regeneration, increases venous and lymphatic flow, 

Table 15.3 Surgical and nonsurgical forms of treatment in elbow 
stiffness

Nonsurgical Rehabilitation
Static splinting
Static progressive splinting
Bracing

Surgical  •  Open Lateral column procedure
Medial column procedure
Partial elbow arthroplasty
Total elbow arthroplasty
Interposition arthroplasty
Arthrodiastasis

 •  Scope Elbow scope debridement
Manipulation under anesthesia
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and decreases co-contraction of antagonist muscles. Passive motion helps decrease 
collagen density. One should avoid extremely aggressive exercises that increase elbow 
swelling and pain because they may enhance stiffness development. The adequate 
frequency and timing of exercises is still unknown [41,89].

15.5.1.4   Bracing

To preserve the gained arc of motion, dynamic or static orthoses (braces or splints) 
have been designed in conjunction with the active and passive exercises [7,41,92].

The goal of dynamic bracing is to apply a constant stretching load without pain 
using an adjustable spring. Static braces maintain the maximum load that can be 
achieved with passive or active elbow motion in a comfortable position [7,41,92].

Several retrospective studies have been published regarding the treatment of elbow 
stiffness using static progressive splinting. On the basis of a study, static progressive 
splinting demonstrates an average success rate of 82% (67–100%) with 39° total arc 
of motion improvement after treatment for several weeks [88,93–98]. The market cur-
rently offers hinged braces with adjustable blocks to the range of motion that may be 
utilized similar to static splints [7].

Fewer articles have been published examining the treatment of elbow stiff-
ness with dynamic splinting. Shewring et al. described patients who were treated 
between 2 and 41 months after surgery with reverse dynamic slings with average 
flexion contracture of 55° improved to 35° [99]. Gallucci et al. reported 30 patients 
with an elbow arc mobility of 100° (or less) and stable congruent joint without HOs. 
An articulated brace with springs was utilized 2 months after surgery for elbow stiff-
ness and was continued for 75 days. Average follow-up was 23 months. Total arc 
of motion improved by 37°. Despite this, almost one-third of the patients did not 
recover a functional range of motion, although more than 75% were satisfied with 
the treatment [100].

Several studies compare static with progressive and dynamic splinting. Linden-
hovius et al. performed a prospective, randomized control trial that compared static 
progressive splinting and dynamic splinting. There was no statistically significant dif-
ference between groups (P = 0.87° at 3 months, P = 0.72° at 6 months, and P = 0.71° 
at 12 months). All studies demonstrate that motion is gained most during the early 
rehabilitative phase. Motion gains continue to occur, but at a slower rate 3° months 
after trauma [88,101].

The exact protocol for bracing is at the surgeon’s discretion and is based on the 
degree of contracture, splint tolerance, personal circumstances, and desired rate of 
deformity correction [7]. Morrey described guidelines for splint wear that can be used 
to guide therapy (Table 15.4) [102].

15.5.1.5   Manipulation under anesthesia

In general, patients who undergo MUA have participated in rehabilitation without 
adequate results. Before manipulation, it is critical to establish fracture healing. In 
addition, hardware should never be removed before MUA because new fractures may 
occur through areas weakened by screw holes.
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Under anesthesia, it is possible to assess passive range of motion, soft or hard end-
points, crepitance, intra-articular tracking, and joint stability. These clues may assist 
in identification of the etiology of the joint contracture [7,103,104]. Complications of 
MUA include fracture, elbow instability, HO, and increased risk of nonunion [41]. After 
manipulation, it is critical to begin therapy in the first several days after MUA so as to 
maintain the passive range of motion achieved during the procedure. Communication 
with the therapist is important at this time to maintain the range of motion achieved.

15.5.2   Surgical treatment of elbow stiffness

If conservative management fails to improve elbow range of motion to the desired 
level, then surgical management should be considered. The etiology of joint stiffness 
may be multifactorial. Surgeon experience and skill level are also important to con-
sider when choosing an appropriate technique [1,4,7,41,79,105].

The decision to perform surgery should occur in patients with significant limita-
tions in elbow movement (between <30° and 130° of flexion) and painful or difficult 
activities of daily living [79,106]. Regardless of the chosen technique, the principles 
of surgical management of post-traumatic elbow stiffness are [41]

 1.  Restore elbow motion by removing all of the contracted structures and intra-articular 
deformities.

 2.  Preserve the anterior band of the MCL and lateral ulnar collateral ligament to maintain 
elbow stability.

 3.  Avoid damage to neurovascular structures.

The goal of surgical treatment is to achieve full range of motion in all planes: flex-
ion, extension, pronation, and supination. In doing so, pain may also be improved. It is 
not typical for patients to be able to maintain this motion after surgery, but when done 
correctly, surgery should be able to achieve nearly full motion unless joint malunion 
is present [106]. When treating contracture, several structures should be addressed to 

Table 15.4 Morrey typical splint program
1 In the morning after having used the splint at night.

 •  Remove it.
 •  Take a hot shower.
 •  Take anti-inflammatory agents.

2 Used a splint in an opposite direction to that used at night.
 •  Stressed the elbow without pain.

3 Stop using the splint for 1 h in the morning, 1 h in the afternoon, and 1 h in the 
evening.

 •  When starting over, change to the opposite direction that it has been used before.
4 Use the elbow when it is out of the splint.

 •  Inflamed: Apply ice for 15 min.
 •  Noninflamed: Apply heat for 15 min.

5 Before sleep, apply the splint in the most-needed direction.
 •  Elbow should be stressed but in a comfortable position.
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improve motion (Table 15.5). Most importantly, the underlying pathology must be 
addressed to successfully improve motion.

15.5.2.1   Treatment of malunion/nonunion

Fracture malunion and nonunion should be evaluated in light of how much compro-
mise there is to the articular surface. The goal of treatment is to restore the normal 
shape and size of the intra-articular distal humerus and its congruency with the olecra-
non and radial head. Fixation should be stable and allow for early aggressive motion.

It is critical to differentiate between intra-articular and extra-articular nonunions or 
malunions because this will assist in determining appropriate treatment. A CT scan is 
the best imaging modality to differentiate between intra-articular and extra-articular 
malunion if simple radiographs are not clear [107].

The most common location for extra-articular malunion or nonunion is the supra-
condylar distal humerus. In the vast majority of the cases, the elbow will be in exten-
sion with retroversion of articular condyles. This change in the distal humeral version 
changes the anatomical flexion–extension axis, leading to decreased flexion [41,63,70].

Treatment of distal humerus malunion and failure of fixation is covered in detail in 
Chapter 12. All attempts should be made to establish an anatomic elbow relationship. 
In younger patients with intra-articular humerus nonunion or malunion, ORIF should 
be considered with iliac crest bone grafting if necessary. Rates of union after surgery 
for distal humerus nonunion can reach 95% [41,68].

In patients with severe malunions of the intra-articular region, it is important to 
re-establish articular alignment. A supracondylar osteotomy is recommended, taking 
into account the risk of narrowing the trochlea. Once the procedure is complete, the 
relationship between the coronoid and trochlea and radial head and capitellum should 
be evaluated for the presence of impingement [41].

Table 15.5 Anatomic structures involved in elbow contracture

Movement to gain Structures to treat

Flexion  •  Anterior compartment.
 •  Coronoid fossa: Remove osteophytes.
 •  Posterior compartment: Release soft-tissue contracture and 

debridement of posterior band of MCL. Triceps tenolysis.
 •  Subluxation: Release and debride adhesions/stabilize incongruent 

humero-ulnar joint.
Extension  •  Anterior compartment: Anterior capsule release.

 •  Posterior compartment: Debridement of olecranon fossa/drill, 
removal of osteophytes in olecranon tip.

 •  Subluxation: Release and debride adhesions/stabilize incongruent 
humero-ulnar joint.

Pronation–supination  •  Radial head resection.
 •  Debridement of adhesions in radial neck.
 •  Remove synostosis or scarring between radius and ulna.
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Poor reduction and fixation of the olecranon may narrow the greater sigmoid notch, 
resulting in decreased range of motion due to bony impingement. Malunion or non-
union of the olecranon should be treated with surgical intervention if motion loss is 
significant. An extensive discussion on olecranon malunions and nonunions is found 
in Chapter 13 [41,108].

In general, olecranon malunion and nonunion goals are to restore the congruity of 
the sigmoid notch, re-establish the coronoid process, establish elbow stability, and 
begin early motion [41].

In nonunions, the addition of autologous cancellous bone graft is mandatory for 
improve the healing. In cases of malunion or nonunion with associated osteoporosis or 
degenerative osteoarthritis, total elbow arthroplasty is an appropriate treatment option 
for low-demand patients.

Whether elbow stiffness is related to nonunion, malunion, or post-traumatic 
arthritis, the capsule is almost always involved and must be released. Capsular and 
soft-tissue releases may be performed in an open or arthroscopic fashion. Both tech-
niques have demonstrated good improvement in range of motion and pain control 
[1,4,6,8,40,84,109–129].

Open capsular release is indicated in cases with functional deficit despite rigor-
ous rehabilitation efforts. In most cases, patients have attempted at least 6 months of 
formal therapy with the addition of static or dynamic bracing without improvement.  
On occasion, in the setting of bony osteophytes or hardware-related impingement, 
little improvement can be made without surgical intervention [7,106].

Several open approaches have been described, including posterior, medial column 
procedure, lateral column procedure, or the extensive Kocher approach. The pathology, 
plane of elbow contracture, location of previous elbow incisions and scars, need for 
nerve decompression or transposition, location of HO, goals of treatment, and the sur-
geon’s experience and preference all influence decisions regarding approach [41,106].

Giannicola et al. [130] analyzed the factors that affected the choice of surgical 
approach for elbow stiffness and concluded that the degree and site of elbow carti-
lage wear was most important for surgeons. He recommended that treatment focus on 
removing the causes of pain and recovering range of motion.

15.5.2.2   Global: posterior midline

The posterior midline incision allows joint access posteriorly, medially, and laterally. 
Through this approach, the surgeon may release the posterior capsule, decompress the 
ulnar nerve, and release the posterior band of the MCL. Anteriorly, the surgeon may ele-
vate the common extensor origin off of the capsule and perform a capsulectomy. Detach-
ing the triceps is not recommended at this time for elbow contracture release [7,131].

15.5.2.3   Column procedure: medial column

This procedure consists of an open arthrolysis of the elbow through a limited medial 
approach and has been dubbed the “column procedure” [79]. It is recommended in 
patients who have medial-sided contracture of the elbow, severe capsule contracture 
associated with posteromedial or anteromedial HO, and anterior and posteromedial 
osteophytes with osteoarthritis or ulnar nerve symptoms [79,132].
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Surgical technique
The patient is positioned supine and prepped and draped in sterile fashion. Sterile tour-
niquet use is recommended. Before starting the procedure, landmarks are identified 
and shoulder motion is tested to ensure adequate external rotation for access to the 
posteromedial aspect of the elbow [79].

Using the medial humeral epicondyle as reference, the skin incision is made stay-
ing anterior to the ulnar nerve. The medial antebrachial cutaneous nerve is identified 
and protected as it crosses obliquely near the medial epicondyle. The medial inter-
muscular septum is identified and resected. An incision is made just anterior to the 
raphe in the flexor carpi ulnaris (FCU), allowing access to the anterior capsule. The 
anterior capsule is then elevated off of the medial-sided musculature (pronator teres, 
flexor carpi radialis (FCR), flexor digitorum superficialis (FDS), FCU) and may then 
be resected. The ulnar nerve is then carefully decompressed and, if necessary, trans-
posed, and the posterior band of the MCL can be transected [41]. The anterior band of 
the MCL must be preserved for stability [7,79].

The advantages of this procedure include exposure to the medial, anteromedial, 
and posteromedial aspects of the elbow with good visualization of the ulnar nerve, 
preservation of the MCL, and access to the anterior part of the coronoid. In cases of 
heterotopic bone on the lateral side of the elbow or radiocapitellar osteophytes, a radial- 
sided approach should be performed (Figure 15.7) [79].

15.5.2.4   Column procedure: lateral column

The lateral column procedure is recommended for treatment of capsular elbow con-
tracture and osteoarthritis with anterior and posterolateral osteophytes [79,106]. The 
lateral column procedure allows exposure of the anterior and posterior compartment; 
preserves the LCL, reducing the risk of postoperative instability after release; and 
allows exposure of the radial head. The goals of this approach are to release the ante-
rior and posterior capsule, remove coronoid osteophytes, debride the olecranon osteo-
phytes, and remove intra-articular loose bodies (Figure 15.8) [41,79].

Technique [79]
The patient is positioned supine or semilateral. Before prepping and draping, the 
elbow should be evaluated radiographically so that radiographs can be reliably per-
formed during the procedure. The arm is sterilely prepped and draped and a sterile 
tourniquet is placed proximal to the ipsilateral arm.

An incision is made from the lateral epicondyle proximally and continued distally 
over the mid- to posterior portion of the radial head. The lateral supracondylar ridge 
is identified and a plane is developed on either side of the ridge until the capsule is 
identified. Care is taken not to stray too far anteriorly, risking injury to the PIN. The 
anterior and posterior capsule is released from the underlying musculature. Next, 
the extensor carpi radialis longus and distal fibers of the brachioradialis are retracted 
from the underlying capsule. The capsule is then incised laterally and the anterior 
capsule is isolated from the brachialis muscle and excised as widely is possible. The 
remaining medial capsule is incised. Coronoid osteophytes and anterior loose bodies 
can now be removed.
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Posteriorly, the capsule is released from the underlying anconeus. The capsule is 
identified, excised, and the olecranon osteophytes and posterior loose bodies may be 
removed. Depending on the complexity of the operation and the surgeon preference, 
surgical drains may be utilized to decrease postoperative hematoma.

Unfortunately, the lateral column procedure does not allow for improvement in 
patients with medial heterotopic bone or ulnar nerve pathology that requires surgical 
treatment. In this setting, a medial approach would be more appropriate [41,79].
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Figure 15.7 Illustration depicting the medial column approach for release of the stiff elbow. (1) 
Medial skin incision. (2) Retracted subcutaneous tissue and release it surrounding medial epicon-
dyle. (3) Pronator teres and brachialis muscle is reflected anteriorly from medial epicondyle to 
expose joint capsule. (4) incised anterior capsule and expose the joint. (5) Transposed ulnar nerve. 
(6) Release posterior medial collateral ligament. Nandi S, Maschke S, Evans PJ, Lawton JN. The 
stiff elbow. HAND 2009;4(4):368–79 with permission of Springer Science + Business Media.
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Figure 15.8 Illustration depicting the lateral column surgical approach for release of the stiff 
elbow. (1) skin incision. (2) Define anterior and posterior intervals with lateral epicondyle and 
septum as a reference. (3) Anterior and posterior intervals carried down to joint capsule. (4) 
Capsular incision anterior to radial collateral ligament. (5) Posterior capsular release. Nandi S, 
Maschke S, Evans PJ, Lawton JN. The stiff elbow. HAND 2009;4(4):368–79 with permission 
of Springer Science + Business Media.
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15.5.2.5   Interposition arthroplasty

Interposition arthroplasty is a salvage procedure that changes the morphology of the 
joint by placing tissue (autologous or allograft soft tissue such as muscle, tendon, skin) 
inside of the joint to provide a pivot surface upon which to pivot [133].

Younger patients who have suffered irreparable articular cartilage damage have few 
treatment options beyond arthrodesis or interposition arthroplasty [41,133,134].

Interposition arthroplasty is typically considered in patients younger than 40 years 
of age who have loss of motion or incapacitating pain and rheumatoid arthritis. This 
option can also be considered for patients younger than 60 years of age with traumatic 
arthritis and near-normal bony anatomy [135].

Proper candidate selection for interposition arthroplasty largely depends on specific 
pathology as well as patient needs and expectations [133]. Worse outcomes occur in 
patients with instability, deformity, or severe pain at rest. The presence of normal bone anat-
omy is an absolute prerequisite for successful interposition arthroplasty [6,133,136–142].

Interposition arthroplasty should not be considered in a patient with infection, 
elbow instability, absence of flexion power, use of the extremity for ambulation, or 
patients who use the elbow for heavy manual labor [6,111,143].

15.5.2.6   Elbow arthroplasty

Total elbow replacement is considered a salvage procedure for very stiff or ankylosed 
elbows with articular involvement. It is reserved for older, less active patients in which 
no other treatment options are available [1]. Despite this, total elbow arthroplasty has 
been shown to demonstrate substantial functional improvement and pain relief in these 
patients [144–148]. Unfortunately, postoperative limitations of lifting no more than 
5 lb may limit the use of this prosthesis in older individuals.

Linked designs are commonly recommended in elbows with deficient bone 
stock, deformity, and capsuloligamentous instability with post-traumatic contracture 
[81,144–146,149].

Peden and Morrey reported on 13 patients with spontaneously ankylosed elbows 
who underwent total elbow arthroplasty with use of the Coonrad-Morrey total elbow 
prosthesis [7,150,151]. Elbow stiffness was secondary to trauma in 10 of 13 patients. 
The position of ankylosis ranged from 35° to 95° of flexion. After surgery, a mean arc 
from 37° of extension to 118° of flexion was achieved and seven patients were able to 
complete all activities of daily living [150].

Figgie et al. reported 78% excellent or good results after total elbow arthroplasty 
performed by a Bryan-Morrey posteromedial approach after complete ankylosis in 
19 elbows (16 patients). Postoperatively, the average flexion was 115°, extension was 
35°, and pronation and supination were 95°. The duration of ankylosis before total 
elbow arthroplasty appeared not to be related to postoperative motion [7,144].

In most cases of post-traumatic elbow stiffness, aggressive soft-tissue releases and 
an ulnar nerve release are mandatory [81,115,122,146].

Elbow arthroplasty is a good option of treatment in elbow stiffness, but complica-
tions such as infection, ulnar nerve dysfunction, mechanical failure, loosening, infec-
tion, triceps disruption, and fractures can occur [1,115,144–146,148,152–156].
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15.5.2.7   Distraction arthrolysis

New options have emerged using a hinged external fixator and articular distraction. 
Despite being technically demanding, mechanical distraction increases the joint space 
without an incision, decreasing the scarring and secondary trauma that worsen stiff-
ness. Furthermore, it provides the advantages of joint stability and continuous elbow 
motion [157].

Wand et al. reported on 25 patients with post-traumatic stiff elbows who received 
distraction arthrolysis for periarticular soft-tissue contracture, HO, or joint malunion. 
Because of the heterogenous group, it is difficult to determine the effectiveness of 
distraction arthrolysis, but range of motion markedly increased, from 33.4° (range, 
0°–75°) preoperatively to 105.6° (range, 80°–140°) postoperatively. No serious com-
plications occurred [157].

In younger patients with painful elbow post-traumatic arthrosis, distraction inter-
position arthroplasty is a good treatment option [134].

Erşen et al. evaluated the long-term radiological and functional results in five 
patients with stiff elbow and arthrosis treated with distraction interposition arthro-
plasty using an Achilles tendon allograft. After treatment, the arc of flexion–extension 
increased by 56° and Disabilities of Arm, Shoulder, and Hand score improved from 
75.3 preoperatively to 18.9 postoperatively [158].

15.5.2.8   Arthroscopic management

Arthroscopic management of the stiff elbow is becoming increasingly popular because 
of its advantages and promising outcomes. After trauma, surgery, or systemic dis-
ease, it is common to develop elbow stiffness with capsular contracture, intra- and 
periarticular adhesions, and arthrofibrosis [159]. Utilizing arthroscopy, it is possible 
to improve range of motion globally utilizing a minimally invasive approach. In this 
chapter, we specifically discuss post-traumatic elbow stiffness and its treatment using 
elbow arthroscopy. Elbow arthroscopy for post-traumatic stiffness is a complex pro-
cedure with significant neurologic and arterial risks and should only be attempted by 
those with considerable experience in elbow arthroscopy for other, less challenging 
diagnoses.

It is critical to realize that the joint is less distensible and the elbow more prone to 
neurovascular injury (capsular volume is reduced from 25 to 6 mL) [160]. In addition, 
the capsule is thicker and more difficult to enter, and neurovascular structures around 
the elbow have usually changed their position and are not safely displaced [159].

The brachialis muscle is the anterior limit because neurovascular structures such 
as the brachial artery and median and radial nerves lie anterior to it. The radial nerve 
courses between the brachioradialis and brachialis muscles on the lateral aspect of the 
elbow, dividing at the level of the elbow into the superficial radial nerve and the PIN,  
which cross distally and laterally to the brachialis muscle just anterior to the capsule. The 
space between the ulnar nerve and joint capsule is minimal, placing the nerve at risk 
of injury during medial arthroscopic capsular release. The ulnar nerve should always 
be identified and protected, retracting it either arthroscopically or with a Penrose drain 
through a small, open incision over the nerve [159].
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Surgical technique
Supine, lateral, and prone positions have all been described for elbow arthroscopy. 
The lateral position is preferred because it allows for more range of motion and better 
access to the anterior and posterior capsular structures. Furthermore, the lateral posi-
tion can be easily converted to an open procedure [77,159].

Instrumentation
A 4.5- or 2.9-mm 30° arthroscope with arthroscopic shaver and burrs are uti-
lized, along with standard camera and video-recording equipment. Elbow cannu-
las should not have outflow holes because the space between the tip of the cannula 
and joint capsule is so small. A Penrose drain may be used to surround and protect 
the ulnar nerve before attempting arthroscopy, especially in the setting of prior 
ulnar nerve transposition. Angled retractors and an 18-gauge spinal needle are 
also needed.

Surgical technique
The elbow is insufflated with 30 cc of normal saline through the soft spot. Uti-
lizing a blunt trocar, a proximal anteromedial portal is then established and the 
camera is introduced through this portal. The anterior compartment of the elbow 
is evaluated. A proximal anterolateral portal is established utilizing an outside-in 
technique. The spinal needle is introduced into the joint in a safe zone just anterior 
to the radial head and capitellum. The camera is then placed through the lateral 
portal to complete the evaluation of the anterior compartment. Next, distal antero-
lateral and anteromedial portals may be established so that the surgeon can retract 
or protect anterior structures.

At this time, the capsule can be excised. With the shaver in the lateral portal, the 
capsule is excised from proximal to distal and from lateral to medial. It is critical to 
avoid passing through the brachialis muscle. After this, the scope direction is reversed 
and capsular excision is completed from the medial side.

Resection of bony osteophytes can now be performed as well as removal of any 
loose bodies if not already completed. The radial fossa is debrided using a burr or 
motorized shaver from the proximal anterolateral portal and resection of the coronoid 
osteophyte is completed at this time.

If the radial head requires resection, first excise the anterior aspect avoiding injury 
to the PIN by avoiding capsular penetration. After the anterior resection, a protective 
retractor can be introduced through the anterolateral portal and placed between the 
radial head and the anterior capsule. A burr may then be introduced through the soft 
spot portal to complete the radial head resection.

At this time, all anterior work has been completed and the arthroscope is introduced 
through a posterior central portal and the shaver through a proximal posterolateral 
portal. This positioning allows for debridement of the olecranon fossa and elevation of 
the triceps from the posterior distal humerus.

During the posterior evaluation, one can debride all loose bodies, joint adhesions, 
and osteophytes while protecting the ulnar nerve with retractors or a Penrose drain. 
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The lateral and medial gutter can also be evaluated for adhesions and bony osteo-
phytes. Most importantly, the olecranon fossa is cleared of any offending osteophytes 
and the range of motion is assessed. In general, a well-performed arthroscopy will 
allow for excellent range of motion in the stiff elbow unless malunion or hardware- 
related impingement has occurred (Table 15.6).

15.6   Complications
15.6.1   Neurologic injury

When appropriate precautions are taken, open and arthroscopic management of the 
stiff elbow is considered safe procedure, although catastrophic neurologic complica-
tions have been reported. In all series, nerve damage is the primary complication after 
elbow arthroscopy [121,161–172].

Nelson et al. evaluated 417 consecutively elbow arthroscopies performed during a 
13-year period. The rates of superficial and deep infection were 6.7% in minor proce-
dures and 2.2% in major procedures. Major complications included nine deep infec-
tions, six cases of HO, and seven cases of transient sensory nerve irritation without 

Table 15.6 Arthroscopic stiffness elbow release

Compartment Scope from portal Working portal Procedure

Anterior Proximal 
anteromedial

 1.  Establish a proximal 
anterolateral portal

Proximal 
anterolateral

Proximal 
anteromedial

 2.  Excise the capsule, 
from medial to lateral

Proximal 
anteromedial

Proximal 
anterolateral

 3.  Complete capsular 
excision in the antero-
lateral side of the joint

 4.  Debride the radial fossa
 5.  Resection of anterior 

part of radial head
 6.  Resection of coronoid

Soft spot  7.  Resection of posterior 
radial head

Posterior Posterior–central Proximal 
posterolateral

 8.  Debride olecranon fossa
  9.  Detach capsule from 

humerus
Medial gutter Proximal 

posterolateral
Posterior–central  10.  Debride loose bodies, 

joint adhesions, 
osteophytes

Lateral gutter Posterior–central Proximal 
posterolateral

 11.  Debride adhesions, 
lateral capsule, plica, 
synovitis
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motor deficit. No difference in complication rates were seen among low-, moderate-, 
and high-complexity procedures, but patients without intraoperative steroid injections 
had less superficial and deep infection (2.0% vs 14.1% and 0.4% vs 4.9% respec-
tively). The reoperation rate was 5% and was frequently associated with deep infec-
tion and a history of prior surgery [173].

15.6.2   Stiffness

Recurrent stiffness is debilitating after open or arthroscopic contracture release. In 
the setting of complex elbow stiffness, the contractures are typically long-standing, 
making attempts at adequate range of motion difficult. Therefore, prevention of elbow 
stiffness is one of the most important objectives after elbow surgery and includes a 
multidisciplinary effort among the surgeon, therapist, family, and patient. The keys to 
prevention include anatomic reconstruction of the joint, appropriate medical manage-
ment, and physical therapy.

When the surgeon deems it appropriate, the rehabilitation program should begin 
immediately to prevent contracture formation [7,87,174].

15.6.2.1   Continuous passive motion

One way to decrease stiffness after surgery is through the use of CPM. After 
operative treatment or trauma, CPM is used to reduce intra-articular bleeding and 
periarticular edema by pumping fluid away from the affected joint. According to 
some authors, CPM should be applied from the initial time of surgery until swelling 
no longer develops. In this way, CPM diminishes the likelihood of interstitial 
swelling; thus, it improves mobility [7,175].

O’Driscoll and Giori described four stages of post-traumatic and surgical stiffness 
in the elbow [175]. In the first stage, bleeding occurs, setting off an inflammatory 
response around the tissue. The second stage occurs during days 1–5 and consists 
of edema in the periarticular tissues. Granulation occurs after the fifth day and leads 
to new healing tissue. Finally, fibrosis occurs after 1 month of trauma. The first two 
stages bring on swelling of soft tissues and decrease the compliance of the elbow; it is 
in this time period when CPM is most useful [175–177].

Despite its theoretical advantages, the use of CPM has not demonstrated significant 
advantages in most studies. Despite this, CPM use is becoming more common to 
maintain motion, reduce bleeding, and interrupt the inflammatory cascade [87]. Some 
authors do not recommend the use of CPM because of the increased cost without 
obvious clinical benefits. Lindenhovious et al. retrospectively evaluated the use CPM 
after open contracture release. In this study, 32 patients who had an arc of flexion and 
extension of less than 80° underwent surgery. Sixteen patients were given CPM and 
therapy and 16 patients had therapy alone, and there was no differences noted between 
the groups [178]. However, Gates et al. demonstrated in a prospective study using 
CPM after anterior capsulotomy for elbow flexion contracture that CPM increased the 
arc of motion in flexion but not in extension [179].
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15.6.2.2   Static progressive splinting

Static progressive splinting can improve range of motion in flexion, extension, or both. 
The static progressive elbow flexion splint can be used when bone stability has been 
achieved. It is used to maintain the elbow in the maximal flexion possible with low 
load and prolonged stretch. In patients with less than 100° of flexion, a splint with a 
fixed hinge should be used to absorb the compression force placed on the joint by not 
having an optimal direction of pull. This transfers only the rotational component of 
the force. The static progressive extension splint has some hardware in the anterior 
or lateral part of the splint for increasing the extension stretch applied [89]. Gelinas 
et al., using a static progressive turnbuckle splint for a mean of 4.5 months on 22 
patients who failed to respond to conventional physiotherapy, showed that 95% of 
patients improved their range of motion and 55% of patients gained a “functional arc 
of movement” [95].

Using a custom-made progressive stretching (CMPS) static elbow splint postop-
eratively in 14 patients after instability surgery, Liu et al. demonstrated a final flexion–
extension arc of 116° without cases of postoperative instability or nonunion. The 
disadvantages of his CMPS include cost of the device and repeated appointments for 
molding the splints [180].

15.6.2.3   Passive stretching exercises

During passive stretching exercises, patients are positioned supine or sitting with the 
arm on the table supported on pillows to decrease compensatory motion at the shoul-
der and wrist and to effectively isolate muscle groups during motion. These exercises 
are most effective if low-load stresses are applied within tissue tolerance and do not 
illicit pain and the inflammatory process. The passive stresses are modified or adjusted 
as motion is gained [89].

Aksoy et al. reported positive outcomes after ORIF for intra-articular fractures of 
the distal humerus, utilizing a physiotherapy program that involved passive stretch-
ing exercises during brachial plexus catheter block and active weight exercises after 
recovery from motor block. They concluded that a pain-free physiotherapy program 
performed under axillary brachial plexus block increases patient compliance and 
enables early return to daily activities [181].

15.6.3   Heterotopic ossification

The development of HO is unpredictable and can result in devastating reductions in 
postoperative motion if clinically significant. Indomethacin and other nonsteroidal 
anti-inflammatory drugs have been used to prevent formation of HO, but it is unclear 
what mechanism of action slows the formation of HO [1,87]. A more thorough discus-
sion of HO can be found in Chapter 13.

In addition, radiation can be utilized to prevent the formation of HO. Robinson 
et al. reported on 36 patients after contracture release and HO treated with single-fraction 
radiation the day after surgery. All patients demonstrated an improvement in range 
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of motion and none required further surgery. The authors concluded that single- 
fraction radiation can result in favorable functional and radiographic results in the 
elbow [87,182].

Viola and Hanel reported on 15 elbows managed with early excision of post-trau-
matic HO, immediate postoperative mobilization, and a 5-day course of indometh-
acin for post-traumatic elbow contractures with HO. These authors were able to 
achieve a mean flexion/extension arc of 120° and a mean pronation/supination arc 
of 152° at an average follow-up of 115°weeks. Here, indomethacin and CPM were 
used postoperatively in most cases. There were no recurrent contractures or loss of 
motion [183].

Strauss et al. also retrospectively evaluated the outcome of prophylactic single-fraction 
radiation and the use of a 10-day indomethacin course in 44 patients after high-risk 
elbow surgery. They found that 48% of patients developed HO after treatment, but it 
was not functionally significant. None of the patients required another operation. The 
authors concluded that combination radiation and indomethacin therapy was useful 
and safe in preventing clinically significant HO [184].

Hamid et al. conducted the only Level I study acutely evaluating the use of sin-
gle-fraction radiation therapy after fixation of elbow fractures against a control 
group. They discovered a high rate of nonunion in the treatment group (8 of 21 
patients) and terminated the study early. Despite that, these results demonstrate the 
efficacy of radiation therapy in HO prophylaxis when fracture healing is not a con-
cern [87,185].

Rosenwasser et al. demonstrated that an intraoperative injection of botulinum toxin 
A into the elbow flexors in patients who had ORIF after elbow fracture or fracture- 
dislocation resulted in improved postoperative range of motion and function [87].  
Botulinum toxin A may combat the mechanism of co-contraction that is involved in 
elbow stiffness [186–188].

15.7   Conclusions/future trends

Elbow stiffness is frequent after traumatic elbow injuries, often resulting in signif-
icant disability including lost work, pain, and loss of the ability to perform daily 
activities. Patients should be made aware of the potential complications and diffi-
culties encountered during recovery and counseled regarding realistic expectations. 
The most important factor involved in treating elbow stiffness is to understand the 
underlying cause of post-traumatic elbow stiffness. This may include heterotopic 
bone, capsular stiffness, synostosis, arthritis, or bony osteophytes. A thorough 
history, examination, and appropriate radiographs are necessary in developing a 
treatment plan for improving elbow range of motion. Although multiple surgical 
options exist, they are technically challenging and have varied outcomes. In general, 
range of motion is significantly improved with nonsurgical and surgical approaches. 
However, continued research efforts are necessary to improve patient outcomes and 
satisfaction. Knowledge of preoperative risk factors may assist in discussing the 
prognosis of recurrent stiffness.
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The prevention of elbow stiffness is an area of orthopedics that is still poorly under-
stood from a biologic and therapeutic standpoint. More basic science research is needed 
to assist in the prevention of elbow stiffness while still allowing for adequate bone 
healing. Potential exists to use the blockage of certain enzymatic pathways involved 
in inflammation, including TNF-α, IL-3, and TGF-β, to improve outcomes after upper 
extremity trauma, including intra-articular elbow fractures. Further research in this 
area is necessary to improve patient outcomes.

References

 [1]  Lindenhovius A, Jupiter JB. The posttraumatic stiff elbow: a review of the literature.  
J Hand Surg 2007;32A:1605–23.

 [2]  Smith GE, Jones FW. Report on the human remains. Cairo (Egypt): National Printing 
Department; 1910.

 [3]  Regan WD, Reilly CD. Distraction arthroplasty of the elbow. Hand Clin 1993;9: 
719–28.

 [4]  Urbaniak JR, Hansen PE, Beissinger SF, Aitken MS. Correction of post-traumatic 
flexion contracture of the elbow by anterior capsulotomy. J Bone Joint Surg 1985;67A: 
1160–4.

 [5]  Sojbjerg JO. The stiff elbow. Acta Orthop Scand 1996;67:626–31.
 [6]  Morrey BF. Post-traumatic contracture of elbow: operative treatment, including distrac-

tion arthroplasty. J Bone Joint Surg Am 1990;72-A:601–18.
 [7]  Charalambos P, Morrey BF. Posttraumatic elbow stiffness. J Bone Joint Surg Am 

2012;94:1428–37.
 [8]  Cohen MS, Schimmel DR, Masuda K, Hastings 2nd H, Muehleman C. Structural and 

biochemical evaluation of the elbow capsule after trauma. J Shoulder Elbow Surg July–
August 2007;16(4):484–90. Epub March 21, 2007.

 [9]  Hildebrand KA, Zhang M, Hart DA. High rate of joint capsule matrix turnover in chronic 
human elbow contractures. Clin Orthop Relat Res October 2005;439:228–34.

 [10]  Akeson WH, Amiel D, Mechanic GL, Woo SL, Harwood FL, Hamer ML. Collagen 
cross-linking alterations in joint contractures: changes in the reducible cross-links in 
periarticular connective tissue collagen after nine weeks of immobilization. Connect Tissue 
Res 1977;5(1):15–9.

 [11]  Hildebrand KA, Zhang M, van Snellenberg W, King GJ, Hart DA. Myofibroblast num-
bers are elevated in human elbow capsules after trauma. Clin Orthop Relat Res February 
2004;419:189–97.

 [12]  Germscheid NM, Hildebrand KA. Regional variation is present in elbow capsules after 
injury. Clin Orthop Relat Res September 2006;450:219–24.

 [13]  Skalli O, Ropraz P, Trzeciak A, Benzonana G, Gillessen D, Gabbiani G. A monoclonal 
antibody against alpha-smooth muscle actin: a new probe for smooth muscle differentia-
tion. J Cell Biol December 1986;103(6 Pt 2):2787–96.

 [14]  Hinz B. The myofibroblast: paradigm for a mechanically active cell. J Biomech January 
5, 2010;43(1):146–55. Epub October 3, 2009.

 [15]  Tomasek J, Rayan GM. Correlation of alpha-smooth muscle actin expression and con-
traction in Dupuytren’s disease fibroblasts. J Hand Surg Am May 1995;20(3):450–5.

 [16]  Bunker TD, Anthony PP. The pathology of frozen shoulder. A Dupuytren-like disease.  
J Bone Joint Surg Br September 1995;77(5):677–83.



344 Shoulder and Elbow Trauma and its Complications

 [17]  Verjee LS, Midwood K, Davidson D, Essex D, Sandison A, Nanchahal J. Myofibroblast 
distribution in Dupuytren’s cords: correlation with digital contracture. J Hand Surg Am 
December 2009;34(10):1785–94. Epub November 11, 2009.

 [18]  Guyot C, Lepreux S, Combe C, Doudnikoff E, Bioulac-Sage P, Balabaud C, Desmouli’ere A.  
Hepatic fibrosis and cirrhosis: the (myo)fibroblastic cell subpopulations involved. Int J 
Biochem Cell Biol February 2006;38(2):135–51. Epub September 23, 2005.

 [19]  Keeley EC, Mehrad B, Strieter RM. The role of fibrocytes in fibrotic diseases of the lungs 
and heart. Fibrog Tissue Repair January 10, 2011;4:2.

 [20]  Saika S, Yamanaka O, Sumioka T, Miyamoto T, Miyazaki K, Okada Y, Kitano A, Shirai 
K, Tanaka S, Ikeda K. Fibrotic disorders in the eye: targets of gene therapy. Prog Retin 
Eye Res March 2008;27(2):177–96. Epub February 1, 2008.

 [21]  Hildebrand KA, Zhang M, Germscheid NM, Wang C, Hart DA. Cellular, matrix, and growth 
factor components of the joint capsule are modified early in the process of posttraumatic 
contracture formation in a rabbit model. Acta Orthop February 2008;79(1):116–25.

 [22]  Hildebrand KA, Zhang M, Hart DA. Myofibroblast upregulators are elevated in joint 
capsules in posttraumatic contractures. Clin Orthop Relat Res March 2007;456:85–91.

 [23]  Grotendorst GR. Connective tissue growth factor: a mediator of TGF-beta action on 
fibroblasts. Cytokine Growth Factor Rev September 1997;8(3):171–9.

 [24]  Wipff PJ, Rifkin DB, Meister JJ, Hinz B. Myofibroblast contraction acti-
vates latent TGF-beta1 from the extracellular matrix. J Cell Biol December 17, 
2007;179(6):1311–23.

 [25]  Popova AP, Bozyk PD, Goldsmith AM, Linn MJ, Lei J, Bentley JK, Hershenson 
MB. Autocrine production of TGF-beta1 promotes myofibroblastic differentiation 
of neonatal lung mesenchymal stem cells. Am J Physiol Lung Cell Mol Physiol June 
2010;298(6):L735–43. Epub February 26, 2010.

 [26]  Hildebrand KA, Zhang M, Salo PT, Hart DA. Joint capsule mast cells and neuropeptides 
are increased within four weeks of injury and remain elevated in chronic stages of post-
traumatic contractures. J Orthop Res October 2008;26(10):1313–9.

 [27]  Gruber BL. Mast cells in the pathogenesis of fibrosis. Curr Rheumatol Rep April 
2003;5(2):147–53.

 [28]  Schäffer M, Beiter T, Becker HD, Hunt TK. Neuropeptides: mediators of inflammation 
and tissue repair? Arch Surg October 1998;133(10):1107–16.

 [29]  Duggan AW, Morton CR, Zhao ZQ, Hendry IA. Noxious heating of the skin releases 
immunoreactive substance P in the substantia gelatinosa of the cat: a study with antibody 
microprobes. Brain Res February 17, 1987;403(2):345–9.

 [30]  Faryniarz DA, Bhargava M, Lajam C, Attia ET, Hannafin JA. Quantitation of estrogen 
receptors and relaxin binding in human anterior cruciate ligament fibroblasts. In Vitro 
Cell Dev Biol Anim July–August 2006;42(7):176–81.

 [31]  Liu SH, al-Shaikh R, Panossian V, Yang RS, Nelson SD, Soleiman N, Finerman GA, 
Lane JM. Primary immunolocalization of estrogen and progesterone target cells in the 
human anterior cruciate ligament. J Orthop Res July 1996;14(4):526–33.

 [32]  Dragoo JL, Lee RS, Benhaim P, Finerman GA, Hame SL. Relaxin receptors in the human 
female anterior cruciate ligament. Am J Sports Med July–August 2003;31(4):577–84.

 [33]  Hart DA, Reno C, Frank CB, Shrive NG. Pregnancy affects cellular activity, but not tissue 
mechanical properties, in the healing rabbit medial collateral ligament. J Orthop Res 
May 2000;18(3):462–71.

 [34]  Pedram A, Razandi M, O’Mahony F, Lubahn D, Levin ER. Estrogen receptor-beta  
prevents cardiac fibrosis. Mol Endocrinol November 2010;24(11):2152–65. Epub  
September 1, 2010.



345Complex post-traumatic elbow stiffness

 [35]  Hewitson TD, Ho WY, Samuel CS. Antifibrotic properties of relaxin: in vivo mecha-
nism of action in experimental renal tubulointerstitial fibrosis. Endocrinology October 
2010;151(10):4938–48. Epub September 8, 2010.

 [36]  Negishi S, Li Y, Usas A, Fu FH, Huard J. The effect of relaxin treatment on skeletal muscle 
injuries. Am J Sports Med December 2005;33(12):1816–24. Epub September 12, 2005.

 [37]  Hotchkiss RN. Treatment of the stiff elbow, Chapter 26. Section 2. Part IV. Other Disorders. 
In: Wolfe, Hotchkiss, Pederson, Kozin. editors. Green’s operative hand surgery. 6th ed. 
Philadelphia: Churchil Livingstone, Inc; 2011. p. 903–22

 [38]  Page C, Backus SI, Lenhoff MW. Electromyographic activity in stiff and normal elbows 
during elbow flexion and extension. J Hand Ther 2003;16:5–11.

 [39]  Dávila Sylvia A, Johnston-Jones Karen. Managing the stiff elbow: operative, nonopera-
tive, and postoperative techniques. J Hand Ther 2006;19:268–81.

 [40]  Itoh Y, Saegusa K, Ishiguro T, Horiuchi Y, Sasaki T, Uchinishi K. Operation for the stiff 
elbow. Int Orthop 1989;13:263–8.

 [41]  Celli A, Celli L, Morrey B. Elbow stiffness. Treatment of elbow lesions. Springer; 2008. 
Chapter 19, p. 185.

 [42]  Bossche LV, Vanderstraeten G. Heterotopic ossification: A review. J Rehabil Med 
2005;37:129–36.

 [43]  Jawa A, Jupiter JB, Ring D. Pathogenesis and classification of elbow stiffness, Chapter 
28. In: Stanley D, Trail I, editors. Operative elbow surgery. 1st ed. Churchill Livingstone, 
Elsevier; 2012. p. 409–16.

 [44]  Aneiros-Fernandez J, Caba-Molina M, Arias-Santiago S, Ovalle F, Hernandez-Cortes P, 
Aneiros-Cachaza J. Myositis ossificans circumscripta without history of trauma. J Clin 
Med Res 2010;2(3):142–4.

 [45]  Deliverska EG. Myositis ossificans traumatica of the masseter muscle–review of the  
literature and case report. J IMAB 2013;19(4).

 [46]  Kanthimathi B, Udhaya Shankar S, Arun Kumar K, Narayanan VL. Myositis ossificans 
traumatica causing ankylosis of the elbow. Clin Orthop Surg 2014;6:480–3.

 [47]  King JB. Post-traumatic ectopic calcification in the muscles of athletes: a review. Br J 
Sports Med 1998;32(4):287–90.

 [48]  Mankin HJ, Mow VC, Buckwalter JA. Articular cartilage repair and osteoarthritis. In: 
Buckwalter JA, Einhorn TA, Simon SR, editors. Orthopaedic basic science. Biology and 
biomechanics of the musculoskeletal system. 2nd ed. Rosemont, IL: American Academy 
of Orthopaedic Surgeons; 2000. p. 478–88.

 [49]  Chadwick E, Nicol A. Elbow and wrist joint contact forces during occupational pick and 
place activities. J Biomech May 2000;33(5):591–600.

 [50]  Guitton T, Zurakowski D, van Dijk N, Ring D. Incidence and risk factors for the develop-
ment of radiographic arthrosis after traumatic elbow injuries. J Hand Surg Am December 
2010;35(12):1976–80.

 [51]  Doornberg JN, van Duijn PJ, Linzel D, Ring DC, Zurakowski D, Marti RK, Kloen 
P. Surgical treatment of intra-articular fractures of the distal part of the humerus. 
Functional outcome after twelve to thirty years. J Bone Joint Surg Am July 2007; 
89(7):1524–32.

 [52]  Herbertsson P, Josefsson PO, Hasserius R, Karlsson C, Besjakov J, Karlsson M. Uncom-
plicated Mason type-II and III fractures of the radial head and neck in adults. A long-term 
follow-up study. J Bone Joint Surg Am March 2004;86-A(3):569–74.

 [53]  Antuña SA, Sánchez-Márquez JM, Barco R. Long-term results of radial head resection 
following isolated radial head fractures in patients younger than forty years old. J Bone 
Joint Surg Am March 2010;92(3):558–66.



346 Shoulder and Elbow Trauma and its Complications

 [54]  Papandrea RF, Morrey BF, O’Driscoll SW. Reconstruction for persistent instability of 
the elbow after coronoid fracture-dislocation. J Shoulder Elbow Surg January–February 
2007;16(1):68–77.

 [55]  Mathew PK, Athwal GS, King GJ. Terrible triad injury of the elbow: current concepts.  
J Am Acad Orthop Surg March 2009;17(3):137–51.

 [56]  McKee MD, Jupiter JB, Bamberger HB. Coronal shear fractures of the distal end of the 
humerus. J Bone Joint Surg 1996;78A:49–54.

 [57]  Ring D, Jupiter JB, Gulotta L. Articular fractures of the distal part of the humerus. J Bone 
Joint Surg 2003;85A:232–8.

 [58]  Goodman HJ, Choueka J. Complex coronal shear fractures of the distal humerus. Bull 
Hosp Jt Dis 2005;62:85–9.

 [59]  Ring D. Elbow stiffness associated with malunion or nonunion. In: Jupiter JB, editor. 
The stiff elbow. 1st ed. Rosemont (IL): American Academy of Orthopaedic Surgeons; 
2006. p. 41–9.

 [60]  Goldberg I, Peylan J, Yosipovitch Z. Late results of excision of the radial head for an 
isolated closed fracture. J Bone Joint Surg 1986;68A:675–9.

 [61]  Broberg MA, Morrey BF. Results of delayed excision of the radial head after fracture.  
J Bone Joint Surg 1986;68A:669–74.

 [62]  Desai SJ, Deluce S, Johnson JA, Ferreira LM, Leclerc AE, Athwal GS, King GJW. An 
anthropometric study of the distal humerus. J Shoulder Elbow Surg 2014;23:463–9.

 [63]  Kapandji IA, editor. The physiology of joints. 5th ed. Edinburgh (Scotland): Churchill 
Livingstone; 1982.

 [64]  Yang KH, Park HW, Park SJ, Jung SH. Lateral J-plate fixation in comminuted intercon-
dylar fracture of the humerus. Arch Orthop Trauma Surg 2003;123:234–8.

 [65]  Schemitsch EH, Tencer AF, Henley MB. Biomechanical evaluation of methods of inter-
nal fixation of the distal humerus. J Orthop Trauma 1994;8:468–75.

 [66]  O’Driscoll SW, Morrey BF, Karinek S, et al. Elbow subluxation and dislocation: A spec-
trum of instability. Clin Orthop 1992;74:1235–41.

 [67]  Ring D, Jupiter JB. Operative treatment of osteochondral nonunion of the distal humerus. 
J Orthop Trauma 2006;20:56–9.

 [68]  Ackerman GA, Jupiter JB. Non-union of fractures of the distal end of the humerus.  
J Bone Joint Surg 1988;70A:75–83.

 [69]  Jupiter JB, Goodman LJ. The management of complex distal humerus nonunion in the 
elderly by elbow capsulectomy, triple plating, and ulnar nerve neurolysis. J Shoulder 
Elbow Surg 1992:137–46.

 [70]  Helfet DL, Kloen P, Anand N, Rosen HS. Open reduction and internal fixation of delayed 
unions and nonunions of fractures of the distal part of the humerus. J Bone Joint Surg 
2003;85A:33–40.

 [71]  Knight RA. The management of fractures about the elbow in adults. Instr Course Lect 
1957;14:123–41.

 [72]  McKee M, Jupiter J, Toh CL, Wilson L, Colton C, Karras KK. Reconstruction after mal-
union and nonunion of intraarticular fractures of the distal humerus. Methods and results 
in 13 adults. J Bone Joint Surg 1994;76B:614–21.

 [73]  Cobb TK, Beckenbaugh RD. Nonunion of the radial neck following fracture of 
the radial head and neck: case reports and a review of the literature. Orthopedics 
1998;21:364–8.

 [74]  Akesson T, Herbertsson P, Josefsson PO, Hasserius R, Besjakov J, Karlsson MK. Pri-
mary nonoperative treatment of moderately displaced two-part fractures of the radial 
head. J Bone Joint Surg 2006;88A:1909–14.



347Complex post-traumatic elbow stiffness

 [75]  Morrey BF. The posttraumatic stiff elbow. Clin Orthop Relat Res February 2005; 
431:26–35.

 [76]  Kay NR. Artholysis of the post-traumatic stiff elbow. In: Stanley D, Kay NR, editors. 
Surgery of the elbow. London: Arnold; 1998. p. 228–34.

 [77]  Jupiter JB, O’Driscoll SW, Cohen MS. The assessment and management of the stiff 
elbow. Instr Course Lect 2003;52:93–111.

 [78]  Tran NV, Bishop AT, Moran SL. Soft tissue coverage of the elbow. Chapter 36. The 
elbow and its disorders. 4th ed. Philadelphia: W. B. Saunders; 2009. p. 547.

 [79]  Mansat P, Morrey BF. Extrinsic contracture: Lateral and medial column procedures. Chapter  
32. The elbow and its disorders. 4th ed. Philadelphia: W. B. Saunders; 2009. p. 487.

 [80]  O’Driscoll SW. Clinical assessment and open and arthroscopic surgical treatment of the 
stiff elbow. In: Jupiter JB, editor. The stiff elbow. 1st ed. Rosemont (IL): American Acad-
emy of Orthopaedic Surgeons; 2006. p. 9–19.

 [81]  Morrey BF. The stiff elbow with articular involvement. In: Jupiter JB, editor. The stiff 
elbow. 1st ed. Rosemont (IL): American Academy of Orthopaedic Surgeons; 2006.  
p. 21–30.

 [82]  Morrey BF, Harter GD. Ectopic ossification about the elbow. Chapter 31. The elbow and 
its disorders. 4th ed. Philadelphia: W. B. Saunders; 2009. p. 472.

 [83]  Morrey BF, Askew LJ, Chao EW. A biomechanical study of normal functional elbow 
motion. J Bone Joint Surg Am 1981;63:872.

 [84]  Ring D, Adey L, Zurakowski D, Jupiter JB. Elbow capsulectomy for posttraumatic elbow 
stiffness. J Hand Surg 2006;31A:1264–71.

 [85]  McKee MD, Jupiter JB, Bosse G, Goodman L. Outcome of ulnar neurolysis during 
post-traumatic reconstruction of the elbow. J Bone Joint Surg 1998;80B:100–5.

 [86]  Chammas M. Post-traumatic osteoarthritis of the elbow. Orthop Traumatol Surg Res 
2014;100:S15–24.

 [87]  Everding N, Maschke S, Hoyen H, Evans P. Prevention and treatment of elbow stiffness: 
a 5-year update. J Hand Surg Am 2013;38(12):2496–507.

 [88]  Paul R, Chan R. Nonsurgical treatment of elbow stiffness. JHS October 2013;38A.
 [89]  Chinchalkar SJ, Szekeres M. Rehabilitation of elbow trauma. Hand Clin 2004;20:363–74.
 [90]  Dunning CE, et al. Muscle forces and pronation stabilize the lateral ligament deficient 

elbow. Clin Orthop 2001;388:118–24.
 [91]  Hotchkiss RN. Elbow contractures. In: Green DP, editor. Green’s operative hand surgery. 

New York: Churchill Livingstone; 1999.
 [92]  Marinelli A, Bettelli G, Guerra E, Nigrisoli M, Rotini R. Mobilization brace in posttrau-

matic elbow stiffness. Musculoskelet Surg May 2010;94(Suppl. 1):S37–45.
 [93]  Green D, McCoy H. Turnbuckle orthotic correction of elbow-flexion contractures after 

acute injuries. J Bone Joint Surg Am 1979;61(7):1092–5.
 [94]  Bonutti P, Windau J, Ables B, et al. Static progressive stretch to reestablish elbow range 

of motion. Clin Orthop Relat Res 1994;303:128–34.
 [95]  Gelinas J, Faber K, Patterson S, et al. The effectiveness of turnbuckle splinting for elbow 

contractures. J Bone Joint Surg Br 2000;82(1):74–8.
 [96]  Doornberg J, Ring D, Jupiter J. Static progressive splinting for posttraumatic elbow stiff-

ness. J Orthop Trauma 2006;20(6):400–4.
 [97]  Ulrich S, Bonutti P, Seyler T, et al. Restoring range of motion via stress relaxation and 

static progressive stretch in posttraumatic elbow contractures. J Shoulder Elbow Surg 
2010;19(2):196–201.

 [98]  Bhat A, Bhaskaranand K, Nair S. Static progressive stretching using a turnbuckle ortho-
sis for elbow stiffness: a prospective study. J Orthop Surg (Hong Kong) 2010;18(1):76–9.



348 Shoulder and Elbow Trauma and its Complications

 [99]  Shewring D, Beaudet M, Carvell J. Reversed dynamic slings: results of the use in treat-
ment of post-traumatic flexion contractures of the elbow. Injury 1991;22(5):400–2.

 [100]  Gallucci GL, Boretto JG, Dávalos MA, Donndorff A, Alfie VA, De Carli P. Dynamic 
splint for the treatment of stiff elbow. Shoulder Elbow 2011;3(1):52–5.

 [101]  Lindenhovius A, Doornberg J, Brouwer K, et al. A prospective randomized controlled 
trial of dynamic versus static progressive elbow splinting for posttraumatic elbow stiff-
ness. J Bone Joint Surg Am 2012;94(8):694–700.

 [102]  Morrey BF. Splints and bracing at the elbow. In: The elbow and its disorders. Philadelphia: 
WB Saunders; 2009. p. 164–9.

 [103]  Duke JB, Tessler RH, Dell PC. Manipulation of the stiff elbow with patient under anes-
thesia. J Hand Surg Am January 1991;16(1):19–24.

 [104]  Araghi A, Celli A, Adams R, Morrey B. The outcome of examination (manipulation) 
under anesthesia on the stiff elbow after surgical contracture release. J Shoulder Elbow 
Surg March 2010;19(2):202–8. Epub October 17, 2009.

 [105]  Jupiter JB. Heterotopic ossification about the elbow. J Am Acad Orthop Surg 1991; 
40:41–4.

 [106]  Murray O, Nunn T, McEachan J, Rymaszewski L. Elbow stiffness. Treatment by open 
surgical techniques, Chapter 29. In: Stanley D, Trail I, editors. Operative elbow surgery. 
1st ed. ; 2011. p. 417–35.

 [107]  Sim FH, Morrey BF. Non-union and delayed union of distal humeral fractures. In: Morrey 
BF, editor. The elbow and its disorders. 3rd ed. Philadelphia: WB Saunders; 2000. p. 331–40.

 [108]  Papagelogoulos P, Morrey B. Treatment of non-union of olecranon fractures. J Bone 
Joint Surg Br 1994;76:627–35.

 [109]  Heirweg S, De Smet L. Operative treatment of elbow stiffness: evaluation and outcome. 
Acta Orthop Belg 2003;69:18–22.

 [110]  Husband JB, Hastings II H. The lateral approach for operative release of post-traumatic 
contracture of the elbow. J Bone Joint Surg 1990;72A:1353–8.

 [111]  Kraushaar BS, Nirschl RP, Cox W. A modified lateral approach for release of posttrau-
matic elbow flexion contracture. J Shoulder Elbow Surg 1999;8:476–80.

 [112]  Cikes A, Jolles BM, Farron A. Open elbow arthrolysis for posttraumatic elbow stiffness. 
J Orthop Trauma 2006;20:405–9.

 [113]  Tan V, Daluiski A, Simic P, Hotchkiss RN. Outcome of open release for post-traumatic 
elbow stiffness. J Trauma 2006;61:673–8.

 [114]  Marti RK, Kerkhoffs GM, Maas M, Blankevoort L. Progressive surgical release of a 
posttraumatic stiff elbow. Technique and outcome after 2–18 years in 46 patients. Acta 
Orthop Scand 2002;73:144–50.

 [115]  Aldridge III JM, Lightdale NR, Mallon WJ, Coonrad RW. Total elbow arthroplasty with 
the Coonrad/Coonrad-Morrey prosthesis. A 10- to 31-year survival analysis. J Bone Joint 
Surg 2006;88B:509–14.

 [116]  Wada T, Ishii S, Usui M, Miyano S. The medial approach for operative release of 
post-traumatic contracture of the elbow. J Bone Joint Surg 2000;82B:68–73.

 [117]  Amillo S. Arthrolysis in the relief of post-traumatic stiffness of the elbow. Int Orthop 
1992;16:188–90.

 [118]  Chantelot C, Fontaine C, Migaud H, Remy F, Chapnikoff D, Duquennoy A. Retrospec-
tive study of 23 arthrolyses of the elbow for post-traumatic stiffness: result predicting 
factors. Rev Chir Orthop Reparatrice Appar Mot 1999;85:823–7.

 [119]  Stans AA, Maritz NG, O’Driscoll SW, Morrey BF. Operative treatment of elbow con-
tracture in patients twenty-one years of age or younger. J Bone Joint Surg 2002;84A: 
382–7.



349Complex post-traumatic elbow stiffness

 [120]  Weizenbluth M, Eichenblat M, Lipskeir E, Kessler I. Arthrolysis of the elbow. 13 cases 
of posttraumatic stiffness. Acta Orthop Scand 1989;60:642–5.

 [121]  Ball CM, Meunier M, Galatz LM, Calfee R, Yamaguchi K. Arthroscopic treatment of 
post-traumatic elbow contracture. J Shoulder Elbow Surg 2002;11:6249.

 [122]  Gosling T, Blauth M, Lange T, Richter M, Bastian L, Krettek C. Outcome assessment 
after arthrolysis of the elbow. Arch Orthop Trauma Surg 2004;124:232–6.

 [123]  Jones GS, Savoie III FH. Arthroscopic capsular release of flexion contractures (arthrofi-
brosis) of the elbow. Arthroscopy 1993;9:277–83.

 [124]  Nowicki KD, Shall LM. Arthroscopic release of a posttraumatic flexion contracture in 
the elbow: a case report and review of the literature. Arthroscopy 1992;8:544–7.

 [125]  Kim SJ, Kim HK, Lee JW. Arthroscopy for limitation of motion of the elbow. Arthros-
copy 1995;11:680–3.

 [126]  Kim SJ, Shin SJ. Arthroscopic treatment for limitation of motion of the elbow. Clin 
Orthop Relat Res 2000;375:140–8.

 [127]  Kelly EW, Bryce R, Coghlan J, Bell S. Arthroscopic debridement without radial head 
excision of the osteoarthritic elbow. Arthroscopy 2007;23:151–6.

 [128]  Strobel MJ, Eckardt OA, Eichhorn HJ. Arthroscopic therapy in limited mobility of the 
elbow joint. Orthopade 2001;30:610–8.

 [129]  Phillips BB, Strasburger S. Arthroscopic treatment of arthrofibrosis of the elbow joint. 
Arthroscopy 1998;14:38–44.

 [130]  Giannicola G, Bullitta G, Polimanti D, Gumina S. Factors affecting choice of open sur-
gical techniques in elbow stiffness. Musculoskelet Surg 2014;98(Suppl. 1):S77–85.

 [131]  Bryan RS, Morrey BF. Extensive posterior exposure of the elbow. A tricepssparing 
approach. Clin Orthop Relat Res June 1982;166:188–92.

 [132]  Hastings 2nd H, Graham TJ. The classification and treatment of heterotopic ossification 
about the elbow and forearm. Hand Clin 1994;10(3):417–37.

 [133]  Morrey BF, Larson A. Interposition arthroplasty of the elbow. Chapter 69. The elbow and 
its disorders. 4th ed. Philadelphia: W. B. Saunders; 2009. p. 935.

 [134]  Sears BW, Puskas GJ, Morrey ME, Sanchez-Sotelo J, Morrey BF. Posttraumatic elbow 
arthritis in the young adult: evaluation and management. J Am Acad Orthop Surg 
2012;20:704–14.

 [135]  Manat P. Surgical treatment of the rheumatoid elbow. Joint Bone Spine 2001;68:198–210.
 [136]  Cheung SL, Morrey BF. Treatment of the mobile, painful arthritic elbow by distraction 

interposition arthroplasty. J Bone Joint Surg Br 2000;82B:233.
 [137]  Larson N, Morrey BF. Interposition arthroplasty as a salvage procedure of the elbow using 

an achilles tendon allograft. J Bone Joint Surg Am December 2008;90(12):2714–23.
 [138]  Chen D, Forsh D, Hausman M. Elbow interposition arthroplasty. Hand Clin 2011;27:187–97.
 [139]  Kita M. Arthroplasty of the elbow using J-K membrane. Acta Orthop Scand 1977;48: 

450–5.
 [140]  Knight RA, Van Zandt IL. Arthroplasty of the elbow: an end result study. J Bone Joint Surg 

Am 1952;34:610–8.
 [141]  Nolla J, Ring D, Lozano-Calderon S, et al. Interposition arthroplasty of the elbow 

with hinged external fixation for post-traumatic arthritis. J Shoulder Elbow Surg 
2008;17:459–64.

 [142]  Fox JR, Varitimidis SE, Plakseychuk A, et al. The compass elbow hinge: indications and 
initial results. J Hand Surg Br 2000;25:568–72.

 [143]  Wright P, Froimson AI, Morrey BF, et al. Interposition arthroplasty of the elbow. In: 
Morrey BF, Lampert R, editors. The elbow and its disorders. Philadelphia: WB Saunders; 
2000. p. 718–30.



350 Shoulder and Elbow Trauma and its Complications

 [144]  Figgie MP, Inglis AE, Mow CS, Figgie 3rd HE. Total elbow arthroplasty for complete 
ankylosis of the elbow. J Bone Joint Surg Am April 1989;71(4):513–20.

 [145]  Schneeberger AG, Adams R, Morrey BF. Semiconstrained total elbow replacement for 
the treatment of post-traumatic osteoarthrosis. J Bone Joint Surg 1997;79A:1211–22.

 [146]  Mansat P, Morrey BF. Semiconstrained total elbow arthroplasty for ankylosed and stiff 
elbows. J Bone Joint Surg 2000;82A:1260–8.

 [147]  Kraay MJ, Figgie MP, Inglis AE, Wolfe SW, Ranawat CS. Primary semiconstrained 
total elbow arthroplasty. Survival analysis of 113 consecutive cases. J Bone Joint Surg 
1994;76B:636–40.

 [148]  Schneeberger AG, Meyer DC, Yian EH. Coonrad-Morrey total elbow replacement for 
primary and revision surgery: a 2- to 7.5-year follow-up study. J Shoulder Elbow Surg 
2007;16(Suppl.):544–54.

 [149]  Modabber MR, Jupiter JB. Reconstruction for post-traumatic conditions of the elbow 
joint: current concepts review. J Hand Surg Am 1995;77A:1431–47.

 [150]  Peden JP, Morrey BF. Total elbow replacement for the management of the ankylosed or 
fused elbow. J Bone Joint Surg Br September 2008;90(9):1198–204.

 [151]  Morrey BF, Adams RA, Bryan RS. Total replacement for post traumatic arthritis of the 
elbow. J Bone Joint Surg Br July 1991;73(4):607–12.

 [152]  Hildebrand KA, Patterson SD, Regan WD, MacDermid JC, King GJ. Functional out-
come of semiconstrained total elbow arthroplasty. J Bone Joint Surg 2000;82A:1379–86.

 [153]  Marra G, Morrey BF, Gallay SH, McKee MD, O’Driscoll S. Fracture and nonunion of 
the olecranon in total elbow arthroplasty. J Shoulder Elbow Surg 2006;15:486–94.

 [154]  Gutow AP, Wolfe SW. Infection following total elbow arthroplasty. Hand Clin 1994; 
10:521–9.

 [155]  Yamaguchi K, Adams RA, Morrey BF. Infection after total elbow arthroplasty. J Bone 
Joint Surg 1998;80A:481–91.

 [156]  King GJ, Adams RA, Morrey BF. Total elbow arthroplasty: revision with use of a 
non-custom semiconstrained prosthesis. J Bone Joint Surg 1997;79A:394–400.

 [157]  Wang J, Li H, Zheng Q, Feng G, Li J, Pan Z. Distraction arthrolysis of posttrau-
matic elbow stiffness with a hinged external fixator. Orthopedics November 
2012;35(11):e1625–30.

 [158]  Erşen A, Demirhan M, Atalar A, Salduz A, Tunal O. Stiff elbow: distraction interposi-
tion arthroplasty with an Achilles tendon allograft: long-term radiological and functional 
results. Acta Orthop Traumatol Turc 2014;48(5):558–62.

 [159]  Savoie F, Field L. Arthroscopic management of the stiff elbow. Chapter 40. The elbow 
and its disorders. 4th ed. Philadelphia: W. B. Saunders; 2009. p. 596.

 [160]  Gallay SH, Richards RR, O’Driscoll SW. Intra articular capacity and compliance of stiff 
and normal elbows. Arthroscopy 1993;9:9–13.

 [161]  Adams JE, Wolff 3rd LH, Merten SM, Steinmann SP. Osteoarthritis of the elbow: 
results of arthroscopic osteophyte resection and capsulectomy. J Shoulder Elbow Surg 
2008;17:126–31.

 [162]  Cefo I, Eygendaal D. Arthroscopic arthrolysis for posttraumatic elbow stiffness. J Shoulder  
Elbow Surg 2011;20:434–9.

 [163]  Gramstad GD, Galatz LM. Management of elbow osteoarthritis. J Bone Joint Surg Am 
2006;88:421–30.

 [164]  Kang HJ, Park MJ, Ahn JH, Lee SH. Arthroscopic synovectomy for the rheumatoid 
elbow. Arthroscopy 2010;26:1195–202.

 [165]  Kelly EW, Morrey BF, O’Driscoll SW. Complications of elbow arthroscopy. J Bone 
Joint Surg Am 2001;83:25–34.



351Complex post-traumatic elbow stiffness

 [166]  Krishnan SG, Harkins DC, Pennington SD, Harrison DK, Burkhead WZ. Arthroscopic 
ulnohumeral arthroplasty for degenerative arthritis of the elbow in patients under fifty 
years of age. J Shoulder Elbow Surg 2007;16:443–8.

 [167]  Park JY, Cho CH, Choi JH, Lee ST, Kang CH. Radial nerve palsy after arthroscopic ante-
rior capsular release for degenerative elbow contracture. Arthroscopy 2007;23(1360): 
e1361–3.

 [168]  Reddy AS, Kvitne RS, Yocum LA, Elattrache NS, Glousman RE, Jobe FW. Arthroscopy 
of the elbow: a long-term clinical review. Arthroscopy 2000;16:588–94.

 [169]  Savoie FH. Complications. Arthroscopy of the elbow. New York: Chruchill Livingston; 
1996.

 [170]  Savoie 3rd FH, Nunley PD, Field LD. Arthroscopic management of the arthritic elbow: 
indications, technique, and results. J Shoulder Elbow Surg 1999;8:214–9.

 [171]  Tucker SA, Savoie 3rd FH, O’Brien MJ. Arthroscopic management of the post-traumatic 
stiff elbow. J Shoulder Elbow Surg 2011;20:S83–9.

 [172]  Haapaniemi T, Berggren M, Adolfsson L. Complete transection of the median and radial 
nerves during arthroscopic release of post-traumatic elbow contracture. Arthroscopy 
1999;10:784.

 [173]  Nelson G, Wu T, Galatz L, Yamaguchi K, Keener J. Elbow arthroscopy: early complica-
tions and associated risk factors. J Shoulder Elbow Surg 2014;23:273–8.

 [174]  Evans PJ, Nandi S, Maschke S, et al. Prevention and treatment of elbow stiffness. J Hand 
Surg Am 2009;34(4):769–78.

 [175]  O’Driscoll SW, Giori NJ. Continuous passive motion (CPM): theory and principles of 
clinical application. J Rehabil Res Dev March–April 2000;37(2):179–88.

 [176]  Breen TF, Gelberman RH, Ackerman GN. Elbow flexion contractures: treatment by anterior 
release and continuous passive motion. J Hand Surg Br 1988;13-B:286.

 [177]  O’Driscoll SW, Kumar A, Salter RB. The effect of the volume of effusion, joint position 
and continuous passive motion on intra-articular pressure in the rabbit knee. J Rheumatol 
1983;10:360.

 [178]  Lindenhovius AL, van de Luijtgaarden K, Ring D, et al. Open elbow contracture release: 
Postoperative management with and without continuous passive motion. J Hand Surg 
Am 2009;34(5):858–65.

 [179]  Gates 3rd HS, Sullivan FL, Urbaniak JR. Anterior capsulotomy and continuous passive 
motion in the treatment of post-traumatic flexion contracture of the elbow. A prospective 
study. J Bone Joint Surg Am September 1992;74(8):1229–34.

 [180]  Liu HH, Wu K, Chang CH. Treatment of complex elbow injuries with a postoperative 
custom-made progressive stretching static elbow splint. J Trauma 2011;70(5):1268–72.

 [181]  Aksoy SM, Izdes S, Komurcu M, et al. Utilization of axillary brachial plexus block in the 
postoperative rehabilitation of intraarticular fractures of the distal humerus. Acta Orthop 
Traumatol Turc 2010;44(2):111–6.

 [182]  Robinson CG, Polster JM, Reddy CA, et al. Postoperative single fraction radiation 
for prevention of heterotopic ossification of the elbow. Int J Radiat Oncol Biol Phys 
2010;77(5):1493–9.

 [183]  Viola RW, Hanel DP. Early “simple” release of posttraumatic elbow contracture associ-
ated with heterotopic ossification. J Hand Surg Am 1999;24(2):370–80.

 [184]  Strauss JB, Wysocki RW, Shah A, et al. Radiation therapy for heterotopic ossification 
prophylaxis after high-risk elbow surgery. Am J Orthop 2011;40(8):400–5.

 [185]  Hamid N, Ashraf N, Bosse MJ, et al. Radiation therapy for heterotopic ossification pro-
phylaxis acutely after elbow trauma: A prospective randomized study. J Bone Joint Surg 
Am 2010;92(11):2032–8.



352 Shoulder and Elbow Trauma and its Complications

 [186]  Lai JM, Francisco GE, Willis FB. Dynamic splinting after treatment with botulinum 
toxin type-A: a randomized controlled pilot study. Adv Ther 2009;26(2):241–8.

 [187]  Sun SF, Hsu CW, Sun HP, et al. Combined botulinum toxin type A with modified con-
straint-induced movement therapy for chronic stroke patients with upper extremity spas-
ticity: a randomized controlled study. Neurorehabil Neural Repair 2010;24(1):34–41.

 [188]  Wallen M, O’Flaherty SJ, Waugh MC. Functional outcomes of intramuscular botulinum 
toxin type-A and occupational therapy in the upper limbs of children with cerebral palsy: 
a randomized controlled trial. Arch Phys Med Rehabil 2007;88(1):1–10.


	15 - Complex post-traumatic elbow stiffness: nonunion, malunion, and post-traumatic arthritis
	15.1 Introduction
	15.2 Pathophysiology
	15.2.1 Capsular contracture
	15.2.2 Muscular contracture
	15.2.3 Ligamentous contracture
	15.2.4 Contracture of skin
	15.2.5 Heterotopic ossification and bone formation
	15.2.5.1 Periarticular calcifications
	15.2.5.2 Myositis ossificans
	15.2.5.3 Osteophytes

	15.2.6 Post-traumatic osteoarthritis
	15.2.7 Malunion
	15.2.7.1 Intra-articular malunion
	15.2.7.2 Extra-articular malunion

	15.2.8 Nonunion
	15.2.8.1 Distal humeral nonunion
	15.2.8.2 Ulnar and radial head nonunion


	15.3 Classification
	15.4 Medical decision-making
	15.4.1 Assessment
	15.4.2 Imaging
	15.4.3 Labs

	15.5 Treatment
	15.5.1 Conservative management
	15.5.1.1 Rehabilitation
	15.5.1.2 Heat
	15.5.1.3 Range of motion and strengthening exercises
	15.5.1.4 Bracing
	15.5.1.5 Manipulation under anesthesia

	15.5.2 Surgical treatment of elbow stiffness
	15.5.2.1 Treatment of malunion/nonunion
	15.5.2.2 Global: posterior midline
	15.5.2.3 Column procedure: medial column
	Surgical technique

	15.5.2.4 Column procedure: lateral column
	Technique [79]

	15.5.2.5 Interposition arthroplasty
	15.5.2.6 Elbow arthroplasty
	15.5.2.7 Distraction arthrolysis
	15.5.2.8 Arthroscopic management
	Surgical technique
	Instrumentation
	Surgical technique



	15.6 Complications
	15.6.1 Neurologic injury
	15.6.2 Stiffness
	15.6.2.1 Continuous passive motion
	15.6.2.2 Static progressive splinting
	15.6.2.3 Passive stretching exercises

	15.6.3 Heterotopic ossification

	15.7 Conclusions/future trends
	References


