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How to treat stiffness after proximal humeral 
fractures?
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• Shoulder stiffness is a frequent complication after proximal humeral fractures treated with 
or without surgery. Shoulder stiffness is associated with high rates of absence from work 
and a significant financial burden for the healthcare system.

• Secondary stiffness is characterized by additional extracapsular adhesions, including 
subacromial, subcoracoid, and subdeltoid spaces, usually derived from post-fracture or 
post-surgical extraarticular hematomas.

• Several secondary causes may coexist with capsular and extracapsular adhesions decreasing 
the shoulder motion, such as malunion, nonunion, metalwork failure, infection, and 
osteoarthritis, among others.

• Conservative treatment, usually prescribed for primary shoulder stiffness, has shown 
unfavorable results in secondary stiffness, and surgical intervention may be required.

• Surgical interventions need to be patient-specific. Usually, open or arthroscopic fibro-
arthrolysis and subacromial release are performed, together with plate removal and biceps 
tenotomy/tenodesis. In severe osteoarthritis, shoulder replacement may be indicated. 
Ruling out infection is recommended in every case.

Introduction

Proximal humerus fractures (PHFs) have an estimated 
annual incidence of 25 per 10 000 people in the United 
States (1). Treatment of these fractures varies depending 
on patient-related factors and fracture characteristics. For 
patients <65 years old with 2-, 3-, or 4-part fractures, 
glenohumeral fracture-dislocations, and displaced intra-
articular fractures, treatment may involve open reduction 
and fixation (ORIF) (2). For patients >65 years old, due 
to high rates of failure with open reduction and internal 
fixation, generally either conservative treatment or 
arthroplasty is preferred.

Stiffness after PHF develops in a significant proportion 
of patients, even in undisplaced fractures managed 
conservatively (3). PHFs with secondary stiffness are 
associated with higher rates of employment absence 
and higher costs for the healthcare system (4). Before the 
definite diagnosis of post-traumatic stiffness is made, all 
other possible causes of functional restriction should be 
ruled out. These include dislocation, avascular necrosis, 

osteoarthritis, and metalwork failure. At 6 months, 
up to 23.6% of patients with complex PHF treated 
with ORIF will develop secondary shoulder stiffness 
(5). Of those patients, 75% required revision surgery. 
Operative treatment for stiffness included isolated or 
combined procedures such as arthrolysis, subacromial 
decompression, or osteosynthesis removal (5).

Definition

Stiffness in the shoulder can manifest itself in a variety 
of conditions. There is no consensus definition for post-
traumatic shoulder stiffness (6). Main differences arise 
between primary idiopathic shoulder stiffness or so-called 
‘frozen shoulder’ and various causes of secondary 
stiffness. Frozen shoulder, or primary idiopathic stiff 
shoulder, is defined as a global stiffness without any 
specific identifiable cause (7). Frozen shoulder has a 
specific pathophysiology and is generally considered to 
have a self-limiting natural history. The term secondary 
shoulder stiffness describes the limitation of glenohumeral 
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joint range of motion due to a known cause. This can be 
further subdivided by category. Stiffness secondary to 
PHF, managed operatively or conservatively, is usually 
termed post-traumatic stiffness (7). In post-traumatic 
stiffness, it is important to differentiate those arising 
from post-surgical management with those as a result 
of conservative management. Before determining the 
cause of stiffness, other causes of functional restriction 
to the range of motion should be considered. These 
include dislocation, avascular necrosis, osteoarthritis, and 
metalwork failure (8).

Pathophysiology

There is a paucity of evidence regarding the 
pathophysiology of post-traumatic stiffness and the 
exact mechanism remains unclear. Secondary stiffness, 
however, does not only involve the glenohumeral joint 
but is characterized by extracapsular adhesion involving 
the subacromial, subcoracoid, and subdeltoid space, 
resulting in a mechanically limited range of motion. 
This affects mainly abduction and internal rotation/
adduction. This might be triggered by an extraarticular 
hematoma secondary to the fracture or post-surgery 
(9). Adhesions can be from surfaces that are intended to 
slide with reference to one another. These are different 
from other causes of stiffness, which may co-exist. 
A predisposition to inflammation, pain, prolonged 
immobilization, and other factors may additionally result 
in a chronic capsular fibrotic reaction (3). Soft tissue 
contractures may occur in various tissues including 
capsular synovial lining, and musculotendinous units. 
Fibrosis of areolar-fatty packing tissue between muscles, 
tendons, and nerves may also occur leading to stiffness. 
Finally, an increased coefficient of friction between two 
intended articular surfaces secondary to chondrosis 
and cartilage degradation may further limit the range 
of motion. Alongside the capsular contracture and 
extracapsular adhesions, several other secondary causes 
may coexist. Before determining definitively the source 
of stiffness all other causes must be ruled out such as 
dislocation, avascular necrosis, and metalwork failure.

Stiffness due to malunion

Fracture displacement or malreduction can lead to an 
impingement of the lesser tuberosity (10), limiting 
internal rotation. Impingement of the greater tuberosity 
(11) limiting abduction, forward elevation, and possibly 
external rotation may also occur. Malreduction of 
the articular humeral head fragment may lead to 
mechanical limitation or the development of post-
traumatic osteoarthritis. Malunion may occur as a 

result of non-operative management or following open 
reduction internal rotation. Post-surgical stiffness 
should therefore be carefully evaluated for malunion 
using a computed tomography (CT) scan. In cases with 
metalwork in situ, there is a need to determine whether 
malunion is primarily the cause vs implant malposition,  
screw penetration, and secondary collapse due to 
hardware failure.

Stiffness due to articular degradation

Articular damage can manifest itself as a focal 
osteochondral lesion or as generalized post-traumatic 
osteoarthritis. Osteonecrosis, or avascular necrosis, can 
result from disruption of the blood supply of the humeral 
head. This may be due to the fracture pattern or as a result 
of surgical management. Osteonecrosis is more frequent 
in 3- and 4-part displaced fractures with medial hinge 
compromise. Osteonecrosis may limit range of motion 
due to pain or a mechanical block (Fig. 1).

Stiffness related to osteosynthesis

Poor positioning of implants, secondary collapse, and 
late displacement of fracture fragments can lead to 
impingement of the implant in the subacromial space 
producing limitation of range of motion, primarily 
abduction, due to mechanical effect (12). Screw 
penetration due to malposition or secondary collapse may 
lead to secondary damage of the joint and stiffness (13).

Stiffness due to infection

Infection should always be considered. Low-grade 
infections can be hard to detect as the lab work is often 
normal and the typical clinical signs are not always 
encountered (14). Akgün et  al. showed a 50% rate of 
unexpected positive cultures for Propionibacterium acnes 
in patients undergoing surgery for post-surgical stiffness 
after ORIF. They suggested routine evaluation in all 
patients undergoing revision surgery after ORIF (15).

Other pain-related causes

The presence of pain and thus limited motion is 
associated with low adherence to physiotherapy and 
persisting stiffness (16). The long head of the biceps 
is an important structure associated with pain after 
PHF due to interposition in the fracture, instability in 
the bicipital groove, and anterior impingement (17). 
Other possible causes of pain include nerve irritation 
due to plate proximity, especially during minimally 
invasive techniques (18), and aggravation of previously 
asymptomatic acromioclavicular joint arthrosis.
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Diagnosis

First, a detailed clinical history, and then a clinical 
examination are crucial for identifying secondary 
stiffness and possible causes. Evaluating the severity and 
confirming secondary causes of range of motion restriction 
are key to successful management and adherence to the 
subsequent physio. In the history, careful attention must 
be placed on the presence of pain, new shoulder injury, 
specific limitations during daily activities, and any clinical 
features suggestive of infection. Regarding the fracture 
itself, it is important to specify the time lapsed since the 
traumatic event, any treatments undertaken, duration 
of immobilization, and subsequent physiotherapy 
rehabilitation.

The physical exam is important. Careful assessment 
of function including accurate evaluation of range of 
motion in all planes, preferably using a goniometer, is 
required. Key aspects of the physical examination are: 
(i) confirmation of active and/or passive glenohumeral 
range of motion restriction; (ii) assessment of severity and 
stiffness pattern, which helps to determine the involved 
anatomical structures and any hardware-related issues. 
Generally, rotator interval contracture will limit the 
external rotation in adduction; antero-inferior capsule 

contracture will limit the external rotation in abduction; 
posterior capsule contracture will limit the internal 
rotation, especially in 90° abduction; (iii) identifying 
secondary causes of pain or stiffness, such as long biceps 
pathology or entrapment (classic biceps’ tests), nerve 
lesions or entrapment (atrophy, numbness, paresis), 
acromioclavicular joint arthrosis (tenderness over AC 
joint), rotator cuff tear (weakness during classic rotator 
cuff tests), and muscle atrophy.

Radiological evaluation

Standard radiographs of the shoulder composed of 
anterior–posterior (AP), axial, and Neer projections are 
strongly recommended and aid with the assessment for 
secondary causes. A CT scan is valuable in determining 
union, malunion, osteonecrosis, implant positioning, 
screw penetration, and degenerative arthritic changes. 
The fracture position, presence of union, and implant 
positioning are important features to define possible 
impingement zones and future treatment options. An MRI 
may show signs of capsular thickness, rotator cuff injury, 
biceps pathology, AC joint pathology, and extraarticular 
adhesions. When implants are in situ, artifact degradation 
is often seen and therefore Metal Artifact Reduction 
sequences are necessary (19).

Figure 1
Post-fracture stiffness in a 63-year-old female 
patient due to avascular necrosis secondary 
to proximal humerus fracture treated 
non-operatively. In this case, due to the 
destruction of the articular surface, 
treatment includes open arthrolysis and 
anatomic total shoulder arthroplasty. (A) 
True AP radiograph showing right two-part 
proximal humerus fracture. (B) True AP 
radiograph at 6 months post-injury 
demonstrating radiographic union. (C) True 
AP radiograph 12 months post-injury with 
visible avascular necrosis. (D) Coronal slice 
CT-scan at 12 months post-injury 
demonstrating advanced collapse and 
glenohumeral joint arthrosis. (E) 
Postoperative x-ray with total shoulder 
arthroplasty in situ.
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Treatment

Treatment should be specified according to the cause and 
patients’ expectations. The goal is to relieve pain, improve 
range of motion, and restore function. Due to the lack of 
comparative studies, there is no consensus regarding the 
optimal treatment of post-fracture stiffness. There is no 
consensus regarding an optimal algorithm for treatment. 
We propose a treatment protocol which is summarized 
in Fig. 2.

Conservative treatment

Physiotherapy remains the first line of treatment. However, 
the outcomes are poor (8). Before commencing a regime 
of conservative treatment, it is important to rule out 
associated reversible causes of stiffness, such as infection, 
non-union, or implant impingement.

Physiotherapy is usually focused on capsular stretching, 
passive mobilization, and global functional muscle 
rehabilitation. It can be used as an isolated treatment or as 
an adjunct to other treatments (20). Physiotherapy in the 
context of pain may limit its efficacy, and it is important to 
control pain in order to allow appropriate rehabilitation 
to occur. Regular non-steroidal anti-inflammatory drugs 
are usually indicated and may improve the tolerance to 
physiotherapy (8).

The use of corticosteroids may be considered as an 
adjunct to physiotherapy. However, it is unclear how 
efficacious steroid injections are in isolation. In a recent 
randomized controlled study of 88 patients undergoing 
surgical treatment for PHF (21), the use of intraarticular 
triamcinolone injection improved the range of motion 
and pain at 3 and 6 months post-operatively. Cortisone 
injections in this study were given at 8 weeks post-
operatively. This effect was not sustained at the 12-month 
time point. There is no consensus over the optimal timing 
for cortisone injection for addressing post-surgical 
shoulder stiffness. On the assumption that the treatment 
effect of cortisone in these circumstances is to lessen 
the degree of inflammation, earlier administration in 
patients identified as developed secondary stiffness may 
be useful, ideally prior to the switch to fibrotic reaction 
occurs. The use of triamcinolone injections was not 
associated with increased infection or non-union rates. 
Oral corticosteroids have been shown to provide pain 
relief and range of motion and function in the primary 
frozen shoulder (22). However, the efficacy of oral 
steroids in post-traumatic secondary shoulder stiffness 
has not been demonstrated in the literature. Other drugs 
have been used as a prophylactic for stiffness in other 
joints. The use of statins has been tested to prevent 
post-traumatic stiffness in an animal model showing 
promising results (23). Nevertheless, no trial has been 

conducted in humans and no recommendations for its 
use can be made.

The use of mobilization under anesthesia (MUA) is 
controversial. A study investigating the outcome of MUA 
in patients with primary frozen shoulder compared to 
those with refractory post-traumatic stiffness, including 
55% of PHFs treated non-operatively, was reported (3). 
Both groups benefited from MUA, and no significant 
differences between the groups were found. To our 
knowledge, there are no studies evaluating the use of 
isolated MUA, specifically for operatively managed PHF. 
Complications including fractures, dislocations, and 
brachial plexus injury have been reported with the use 
of MUA (24). Therefore, MUA is not recommended for 
operated or non-operated PHFs. A controlled surgical 
release of the capsule and adhesive tissue is preferred in 
selected patients.

Other treatment options currently in use such as 
distension arthrography (25) have not been demonstrated 
to be an effective treatment for post-traumatic secondary 
stiffness.

Surgical treatment

Capsular release may be beneficial given the nature 
and degree of post-traumatic stiffness. There is still 
no clear ´optimal timing´ for surgery; however, it is 
generally considered that surgical release may be utilized 
sooner when compared to a primary frozen shoulder. 
Consolidation of the fracture should be confirmed before 
considering any surgical intervention. Some surgeons 
consider surgery for secondary stiffness at 6 months post-
fracture or post-ORIF, which has not improved during a 
6- to 12-week trial of physiotherapy (8, 26). Arthrolysis, 
performed open or arthroscopically, is the most common 
surgical procedure to improve post-traumatic secondary 
stiffness. This is the case in both operatively managed and 
conservatively managed proximal humeral fractures. An á 
la carte approach dependent on concomitant factors such 
as impingement, implant malposition, and non-union 
may be considered. Additional surgical procedures may 
include implant removal, tenotomy or tenodesis of the 
long head of the biceps, and samples for microbiological 
assessment.

Arthrolysis consists of capsular and rotator interval 
release in combination with subacromial bursectomy. It 
is the commonest surgical procedure even if other causes 
exist, such as bony or implant impingement. This is due 
to the frequent finding of capsular contracture associated 
with various extraarticular causes for stiffness (3). 
Arthrolysis was initially described as an open procedure 
(9, 27); however recently, arthroscopic arthrolysis is 
considered the gold standard (9, 12, 26, 28, 29, 30, 31, 
32). In comparison to an open procedure, arthroscopic 
arthrolysis allows the surgeon to conduct a release of 

Downloaded from Bioscientifica.com at 08/02/2023 07:58:59AM
via Bern Univeristy and Universitat Bern



www.efortopenreviews.org

8:8TRAUMA 655

Figure 2
A suggested treatment protocol for post-fracture and post-ORIF stiffness.
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the capsule at 270° or 360° under direct visualization, 
including the resection of the rotator interval and 
coracohumeral ligament (26, 28) (Fig. 3). One study by 
Snow et  al. demonstrated that release of the posterior 
capsule is less effective in restoring internal rotation than 
the release of the anterior and inferior structures for their 
respective planes of motion (33).

For this specific procedure, some considerations 
should be taken into account: (i) Due to excessive 
thickening of the capsule, the introduction of the scope 
and various instruments can be challenging and pose 
a higher risk of chondral damage. (ii) Distortions of 
the normal anatomy are possible due to mal-union of 
the greater tuberosity or other aspects of the proximal 
humerus. To avoid this, a careful preoperative plan 
should be performed. (iii) The greatest plane of 
restriction should be clearly defined and the capsule 
released appropriately. Generally, contracture of the 
rotator interval will limit external rotation in adduction; 

contracture of the antero-inferior capsule will limit 
external rotation in abduction; and contracture of the 
posterior capsule will limit internal rotation. Greater 
limitation of rotation in adduction compared to 
abduction may be due to extraarticular adhesion around 
the hardware (34).

Subacromial and subdeltoid release is appropriate in 
cases of stiffness secondary to PHF, especially in post-
operative cases in which extraarticular adhesions are 
frequently observed. In cases where the PHF was managed 
conservatively or where plate removal is not needed, an 
arthroscopic subacromial and subdeltoid decompression 
is preferred (10, 18, 25, 26, 28, 29). This typically includes 
a subacromial and subdeltoid bursectomy, debridement 
of any adhesions in these spaces, and partial resection 
of the coracoacromial ligament. In post-operative post-
traumatic cases, which require implant removal, an  
open bursectomy and debridement is also possible (9, 
30) (Fig. 4).

Figure 3
Post-fracture stiffness in a 37-year-old male patient secondary to proximal humerus fracture treated with ORIF. In this case, due to 
global limitation in range of motion, arthroscopic arthrolysis and implant removal were performed. (A) Preoperative true AP 
radiograph showing 3-part PHF. (B) Post-operative true AP radiograph showing fixation with 1/3 tubular plate osteosynthesis. (C–D) 
Preoperative ROM: 45° abduction, 10° external rotation (at 0° abduction), and 10° internal rotation (at 0° abduction). (E) 
Arthroscopic view from anterior portal showing complete posteroinferior capsule release (this was extended superiorly to complete 
the capsular release). (F–G) Postoperative ROM: 95° Abduction, 50° external rotation, and 90° internal rotation.

Downloaded from Bioscientifica.com at 08/02/2023 07:58:59AM
via Bern Univeristy and Universitat Bern



www.efortopenreviews.org

8:8TRAUMA 657

After completion of the capsular release and 
debridement, but prior to any implant removal, controlled 
mobilization under anesthesia should be performed to 
release any remaining adhesions. After implant removal, 
assessment and documentation of the achieved final 
range of motion are recommended.

For osteosynthesis removal, preoperative planning 
should be performed to ensure specific required 
instrumentation is available. Screw removal sets should 
always be available. Before removing the screw, careful 
cleaning of the screw head recess should be performed. 
An in-line, preferably new screwdriver should be used with 
gentle impaction on the screwdriver into the screw head 
prior to attempted removal of the screw. This is especially 
important in titanium implants. Suture material should 
be removed prior to removal of the plate. The removed 
implants should be sent for sonication and microbial 

cultures (35), independent of whether other microbial 
cultures were taken.

Osteosynthesis implant removal can be done through 
an open approach, assisted by an arthroscope or 
completely arthroscopically. There are several articles 
demonstrating the feasibility of the removal of a proximal 
humeral plate arthroscopically (2, 31, 36, 37, 38), showing 
good results without increased complications (26, 34, 
39, 40, 41). Removal of the plate or nail via an open 
surgical approach has also shown satisfactory results (12, 
28, 30). This allows for a careful release of subacromial 
and subdeltoid adhesions, together with a selective and 
controlled debridement of the tissue surrounding the 
plate. After removing the plate, no other mobilization 
maneuvers should be performed due to the high risk of 
displacement of the previous fracture or a new fracture 
through the screw holes.

Figure 4
Post-fracture stiffness in a 49-year-old male patient posterior to PHF treated with ORIF. In this case, due to global limitation in ROM, 
arthroscopic arthrolysis associated with plate removal was performed. (A) Preoperative x-ray showing 3-part PHF. (B) Post-operative 
x-ray with PHILOS plate osteosynthesis. (C–D) Preoperative ROM: 60° abduction, 10° external rotation, and 0° internal rotation. (E) 
Arthroscopic view from anterior portal showing complete posterior capsule release. (F) Adhesions in the subdeltoid space and 
through the plate. (G) Postoperative ROM: 95° Abduction, 60° external rotation, and 80° internal rotation.
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Other implants have been utilized for PHFs, including 
nails and external fixators (42). When removing nails, 
the locking bolts are removed first. Long intramedullary 
nails with locking bolts in the distal 1/3 of the humerus 
require an open surgical approach is recommended to 
avoid iatragenic nerve injury. All locking bolts should 
be removed prior to nail removal. Confirmation with 
image intensifier fluoroscopy may be needed. When 
removing the nail, it is important to note whether an end 
cap is present. If present, this must be removed prior to 
guidewire insertion. Bone in-growth into the proximal 
opening of the nail needs to be identified and removed 
to allow application of the extraction handle. Techniques 
for external fixation of PHF have been utilized with 
increasingly favorable outcomes (43). In a study of 188 
patients with PHFs treated with closed or open reduction 
and a dedicated external fixator, reported mean forward 
elevation of 137 (95% CI: 130–142°). Four patients (2.1%) 
developed secondary stiffness, with two of these requiring 
surgical intervention. The mean time to removal of the 
fixator was 42 days.

Some additional procedures can be performed 
with arthrolysis and osteosynthesis removal. Some are 
frequently indicated, while others depend on the patient’s 
symptoms and intraoperative findings. A tenotomy or 
tenodesis of the long head of the biceps is indicated in 
the presence of biceps pathology. The long head of the 
biceps may be associated with persistent pain after PHF or 
ORIF (17, 44). Sometimes, biceps pathology is not clearly 
identified during clinical evaluation or intraoperatively. 
Therefore, some authors suggest a long head of biceps 
tenotomy or tenodesis routinely during arthrolysis, after 
PHF or revision cases, even in the absence of clear biceps 
pathology (44). Multiple microbial cultures should 
be taken to rule out low-grade infection in all cases of 
operatively treated PHF complaining of pain and stiffness, 
even in the absence of overt signs of infection. Other 
additional procedures can be performed depending on 
the patient’s symptoms. These include distal clavicular 

resection to treat acromioclavicular joint pathology, 
acromioplasty in mechanical impingement, and 
suprascapular nerve release in cases with nerve irritation 
features. Surgical management of post-traumatic stiffness 
may only be a part of the overall definitive management, 
which may also include anatomic or reverse total shoulder 
arthroplasty (Fig. 1).

Postoperative rehabilitation

Post-operatively, an intensive stretching program is 
recommended to maintain the functional range of 
motion achieved. This typically commences immediately, 
on the same day of the surgery, aided by the effects of 
regional anesthesia. This allows for a baseline range of 
motion achieved intraoperatively, uninhibited by pain, to 
be demonstrated by the therapist to the patient. Some 
authors suggest the use of a catheter rather than single-
dose regional anesthesia (45). This may extend the effect 
of the pain block, increasing the effect of the passive 
range of motion physiotherapy during the first days of the 
postoperative period.

On discharge, the patient is encouraged to perform 
daily exercises as part of an intensive therapy program. 
This may include supervised daily therapy sessions. 
Meticulous pain control, using a variety of modalities, can 
increase adherence to the therapy regime (16). If available, 
the use of a continuous passive motion machine may be 
utilized to augment the early rehabilitation phase and 
aid maintenance of the achieved intra-operative range of 
motion.

Outcomes

The results of conservative and surgical treatments for 
stiffness secondary to PHF remain unclear. This is because 
most studies are observational, lack a control group, and 
contain relatively small numbers. The inclusion criteria 
between studies vary leading to no clear consensus as 

Table 1 Outcome reported after arthrolysis in patients with shoulder stiffness after operated proximal humerus fracture.

 
Study

 
OS removal

 
Patients, n

 
Age*, years

 
F-U*, months

Difference Complications, 
n (%)FE (°) Abd (°) ER (°) IR (°) CS

Levy et al. (48) - 14 54 (26–81) 33 (13–60) 76 - 57 - - 1 AN
Maqdes et al. (41) Arthroscopic 11 54.6 ± 11 17.7 ± 23 11.8 26.8 16.8 L3–T12 17.1 No
Kathagen et al. (26) Arthroscopic 45 58.5 (30–82) 24 19 19.9 11.9 23 - No
Acklin et al. (30) Open 20 56 ± 12 - - - - - 6 No
Maroun et al. (12) Open 58 58 (24–79) 23 (6–60) 37.6 39.5 24.3 S1–T12 31.7 No
Hagiwara et al. (28) - 12 65.1 ± 10 30.6 ± 12 48 47 21 30 39.6 No
Waszczykowski et al. (34) Arthroscopic 18 56 (23–75) 24 34 41.2 53.2 L2–T11 26.2 No
Chan et al. (40) Arthroscopic 88 59 ± 14 4.7 ± 7 37 67.8 14.9 36.2 - 2 RF
Total† 266 58 22 35 46 22 31 26 3 (1%)

*Data are presented as mean ± s.d. or mean (range); †mean age, F-U, and complications are presented.
Abd, abduction; AN, avascular necrosis; CS, Constant score; ER, external rotation; FE, forward elevation; F-U, follow-up; IR, internal rotation; OS, osteosynthesis; 
RF, refractures.
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to the optimal management. In general, most reported 
series show as follows: (i) worse clinical outcomes 
with conservative and surgical treatment compared to 
primary frozen shoulder; (ii) improvement of range of 
motion and functional outcomes with arthrolysis (open 
or arthroscopic) with or without implant removal. The 
summary of results available in the literature is depicted 
in Table 1. Eight studies reported on the outcomes of 266 
patients undergoing arthrolysis (open or arthroscopic) in 
patients with post-surgical stiffness after PHF treatment. 
The mean age was 58 years and the mean follow-up of 22 
months. Forward elevation improved by a mean of 35°; 
abduction improved by a mean of 46°; external rotation 
improved by a mean of 22°. Constant score was reported 
in five studies and demonstrated a mean improvement of 
26 points (MCID: 7.6–9.3) (46, 47).

Conclusions

Secondary stiffness following proximal humeral fracture 
remains a challenge for successful management and 
return to peak shoulder function. A careful history, 
clinical examination, and investigations are needed 
to identify contributing factors for addressing pain 
and stiffness. Conservative management including 
physiotherapy and injections form the first line ofn 
treatment for most with clear cause for surgery. Surgery 
to address avascular necrosis, secondary arthropathy, and 
metalwork impingement/failure is often needed to gain 
significant clinical improvement. Arthrolysis (open or 
arthroscopic) should address areas of passive restriction 
identified by clinical examination. Additional procedures 
such as biceps tenotomy/tenodesis, microscopy culture, 
acromioplasty for subacromial impingement, and nerve 
release may be required. This review outlined the limited 
evidence that may guide management and offered 
suggestions for successful treatment of post-traumatic 
shoulder stiffness.
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