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Abstract: Over 2 million people undergo sternotomy worldwide for heart surgery each year, and 

many develop post-sternotomy pain syndrome (PSPS) which persists in the anterior thorax. In 

some patients, PSPS lasts for many years or suddenly reappears a long time after the sternotomy. 

The exact etiology of PSPS is unknown. This article presents a case report of a patient with a 

diagnosis of PSPS (after cardiac surgery 4 years prior) for whom an osteopathic approach was 

used, which successfully eliminated the pain. In a previous study, we demonstrated that this 

osteopathic procedure could reduce sternal pain associated with a recent surgical wound. Fur-

ther efforts are needed to understand the reasons for PSPS. In light of new scientific data, these 

osteopathic techniques could contribute to a multidisciplinary approach to solve the problem.

Keywords: post-sternotomy pain syndrome, osteopathic, fascia, chronic pain, cardiac surgery

Introduction
Post-sternotomy pain syndrome (PSPS) is defined as discomfort after thoracic surgery, 

persisting for at least 2 months, and without apparent cause.1 It is estimated that over 

2 million people worldwide undergo median sternotomy for heart surgery each year.1,2 

In these patients, persistent thoracic pain is defined as PSPS, chronic post-sternotomy 

pain, or persistent post-sternotomy pain in the literature.1,3

PSPS is a common problem, with an incidence of 7%–66% within 1 or 2 years after 

the operation, in patients undergoing thoracic surgery.2,4–6 To be defined as PSPS, the 

pain must be continuously present up to 2 months post-intervention, and pre-existing 

causes which may lead to pain in the thorax should not be present.7 The exact etiology 

of PSPS is unknown. There are different reasons for these symptoms, and they do not 

seem to be related to the type of intervention. To our knowledge, the source of this pain 

has not been studied, and attempts have not been made to distinguish the contributions 

of different types of pain, such as somatic pain, visceral pain, and neuropathic pain or 

that resulting from the scar itself.6 In some patients PSPS can last for many years; in 

others it can suddenly reappear years after the sternotomy.4

In the past 30 years, numerous hypotheses have been considered, including entrap-

ment neuropathy caused by sutures or scar tissue at the site of sternotomy, and intercostal 

neuralgia resulting from damage to the intercostal nerves during the dissection of the 

internal mammary artery.4,7,8 Moreover, it has been suggested that PSPS can be a result 

of rib fractures related to the surgical procedure, an injury to the brachial plexus due to 

patient positioning during the intervention,4 costo-sternal syndrome, or an allergy to metal 

sutures (nickel).4,5 Alternatively, chronic sternal pain may be related to structural changes 
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in the peripheral nerve endings, which would send altered affer-

ent impulses to the spinal cord and the central nervous system, 

leading to allodynia. Psychological factors could contribute 

to this syndrome. Moreover, patients undergoing emergency 

sternotomy for heart surgery are at greater risk of chronic pain.2

Factors associated with age and gender may contribute to 

PSPS exacerbations. In particular, females younger than 70 

years of age may be more likely to experience these pains.2,4,5 

However, according to a large retrospective multicenter survey, 

older patients are more prone to this syndrome, indicating con-

troversy regarding the effects of age.9 Other contributing factors 

are reported to include large waist circumference or obesity, 

smoking history, and preoperative depression or anxiety.5,10

Some authors state that this syndrome can also involve 

other areas of the body which are sore or stiff, in addition to 

the sternum.10,11 Currently, neither a specific therapy which 

is able to reduce the onset of the syndrome, nor a preferred 

surgical procedure to avoid PSPS, exist.

This article presents a case report of a patient with a 

diagnosis of PSPS after sternotomy for cardiac surgery 4 

years prior, in whom osteopathic therapy led to the resolu-

tion of pain. This osteopathic intervention is a standardized 

procedure which we demonstrated to be successful in the 

reduction of sternal pain in a previous study of patients with 

recent surgical wounds (maximum 8 days after surgery). This 

therapy is only used in our center, at the Foundation Don 

Carlo Gnocchi, IRCCS (Istituto di Ricovero e Cura a Carat-

tere Scientifico). In our previous study using this approach, 

we found that it reduced sternal pain, accelerated clinical 

stabilization, and facilitated earlier discharge.12

Osteopathic manipulative treatment (OMT) is defined 

as: “The therapeutic application of manually guided forces 

by osteopathic physician, to improve physiologic function 

and/or support homeostasis that has been altered by somatic 

dysfunction.”13 The somatic dysfunction is defined as: 

“Impaired or altered function of related components of the 

somatic (body framework) system: skeletal, arthrodial and 

myofascial structures, and their related vascular, lymphatic, 

and neural elements.”14

The clinical efficacy of OMT has been documented in 

different scenarios. OMT is effective in reducing migraine 

attacks. In a randomized controlled trial, OMT reduced 

chronic migraine pain, use of drugs, and functional disability 

in headache patients, compared with a placebo group.15 

In a randomized, single-blind, placebo-controlled cross-

over study, OMT decreased shoulder pain intensity in breast 

cancer survivors, and increased range of motion to a greater 

degree than in the control group.16

A prospective, randomized, multicenter trial showed that 

OMT is effective in reducing length of stay in a population 

of preterm infants, without collateral effects.17

In another multicenter randomized controlled trial, 

OMT reduced the hospital mortality rate and length of stay 

in elderly patients with pneumonia.18 Several studies have 

shown that OMT reduces acute and chronic low-back pain, 

including in pregnant and post-partum women, more than 

expected placebo effects alone. Analgesic medication use is 

lower in OMT groups.19–22

Case presentation
A 67-year-old male had a sternotomy performed in 2012 for 

coronary artery bypass grafting (CABG), after presenting 

with an ST-segment elevation anterolateral myocardial infarc-

tion (STEMI). A triple CABG was performed by median 

sternotomy, with extracorporeal circulation and moderate 

hypothermia. A left internal mammary artery graft to left 

anterior descending coronary artery was utilized, and saphe-

nous vein grafts from the aorta to the diagonal and obtuse 

marginal branches were performed. The sternum was closed 

using six stainless steel sutures and muscles, subcutaneous 

tissue and skin were sutured with absorbable synthetic woven 

threads. Neither infections nor sternal dehiscence were 

reported. Post-operative pain management included codeine 

(Hederix plan; Sit Laboratorio Farmac. Srl. Lombardy, Italy) 

(two tablets, 30 mg) and ibuprofen (Ibuprofene doc; Doc 

Generici Srl, Milan, Italy) (two tablets, 600 mg). The patient 

recuperated quickly in the hospital and was discharged after 

5 days, and he suffered no complications. Rehabilitation in 

the hospital consisted of breathing exercises.

He was subsequently seen as an outpatient at the Depart-

ment of Cardiology, Foundation Don Carlo Gnocchi, IRCCS. 

After surgery in 2012, the patient underwent a 3-week cardiac 

rehabilitation program at our department (2012), with free 

body exercises and progressive load on an exercise bicycle 

for 5 consecutive days per week.

When he presented to the clinic, his therapy included irbe-

sartan (Irbesartan my: Mylan S.p.A, Milan, Italy) (150 mg), 

aspirin (Aspirinetta; Bayer S.p.A, Milan, Italy) (100 mg), 

clopidogrel (Clopidogrel teva; Teva Italia Srl, Milan, Italy) 

(75 mg), atorvastatin (Atorvastatina te; Teva Italia Srl) 

(20 mg), pantoprazole (Pantoprazolo zent; Zentiva Italia Srl) 

(20 mg), and pregabalin (Pregabalin teva ; Teva Italia Srl, 

Milan, Italy) (150 mg) daily. Physical examination showed 

regular heart rate and rhythm, no murmur, lungs clear to 

auscultation bilaterally with no rubs, rhonchi or wheezes; 

it also showed a soft, non-tender, non-distended abdomen 
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with normal bowel sounds; no cyanosis, clubbing or edema 

in the extremities with the distal pulses present and equal. 

The patient had a normal weight, and was 165 cm tall with 

a waist circumference of 90 cm, with no history of smoking 

or alcohol use. As to lifestyle, at that moment the patient 

was retired, not performing hard labor, and in good health 

with no chronic complaints. His electrocardiogram showed 

normal sinus rhythm of 60 bpm and his blood pressure was 

100/60 mmHg.

Echocardiography revealed mild concentric left ventricu-

lar hypertrophy and mild left ventricular dysfunction with an 

ejection fraction of 48%, as assessed by Simpson’s method, 

with first-degree diastolic dysfunction and no significant 

abnormality of the valve apparatus based on color-Doppler 

echocardiographic images.

The patient presented for evaluation of severe chest pain 

of cardiovascular origin, such as angina or other complica-

tions of the STEMI, had been excluded by his cardiologist. 

The patient had been started on pregabalin by his neurologist 

3 months prior, for a presumed diagnosis of peripheral neu-

ropathic pain. The pain mainly occurred during the patient’s 

daily activities, when he was in an upright position. The pain 

made it impossible to rotate his head and neck to the right, 

but there was decreased pain intensity when he was in an 

extended position. The painful sensations were reported by 

the patient as feeling like a “belt tightening” in his sternum. 

His visual analog scale (VAS) pain assessment was performed 

by showing him a diagram of the human figure in its entirety, 

front and back, and he was asked to mark both the magnitude 

of the perceived pain and the area of the body affected by the 

discomfort (Figure 1). He reported a level of 7 on the VAS 

of pain intensity, centered in both the right side of the chest 

(between the lower clavicle and the fifth rib, without affecting 

the midline scar), and the left pericardial area (lower than the 

painful area of the right side, and without involving the scar). 

He was asked to lie down on a couch, slightly reclined with his 

legs stretched out, and with his chest accessible. A cardiologist 

examined him and confirmed the integrity of the sternum. His 

perceptions of the painful skin areas were evaluated, in order to 

determine whether any perceptual abnormalities were present.

To evaluate the skin surface responsiveness to external 

stimuli, a cotton pad was used, which allowed simultaneous 

evaluation of stimulus discrimination and epicritic sensitiv-

ity; sensitivity to pain was tested with a pin, and with slight 

pressure on different areas; thermal sensitivity was evaluated 

with a test tube containing hot water (40ºC–50ºC) which was 

placed on the skin. During the skin assessment, regardless of 

the stimulus (cotton pad, pin, or hot water), the patient did not 

show any type of neurological impairment, and demonstrated 

normal sensitivity. No allodynia, hyperalgesia, hypoalgesia, 

or hypoesthesia were evident. The patient did not report any 

pain during the examination, and the intensity of each stimu-

lus by the numeric rating scale (NRS) given by the patient 

was always 0. Pain intensity is often measured in clinical and 

research settings using the 0 to 10 NRS.3 Following the visit, 

the cardiologist diagnosed the patient with PSPS. 

The patient provided written informed consent for the 

publication of this case report and images.

Osteopathic treatment
After a discussion with the cardiologist, and based on our 

previous study of osteopathic treatment of post-sternotomy 

pain in heart surgery patients, a similar procedure was offered 

to the patient. In a change from our previous practice,12 given 

the lack of a recent sternum wound, the OMT was performed 

with the patient in a seated position and not supine in bed.

The OMT technique used was a fascial unwinding 

therapy, an approach defined as an indirect technique utilized 

by osteopaths, that respects the patient’s tissues and causes 

no pain. This approach has been successfully used for other 

somatic complaints, such as non-specific lumbar back pain 

and non-specific neck pain.23–25

Osteopathic techniques are designed to release fascial 

restrictions, to mobilize tight ligaments and drain congested 

lymphatic channels; the purpose of these therapies is to alter 

Right RightLeft Left

Figure 1 The area of the body affected by discomfort.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research  2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1166

Bordoni et al

the mechanical properties of fascial tissues, such as density, 

stiffness, and viscosity, so that the fascia can more readily 

adapt to physical stresses.26 

The OMT does not induce any movement but allows the 

underlying tissue to express intrinsic movements, reflecting 

the physiological sliding of different fascial layers while 

breathing. Laying on the hands and following fascial vector 

directions, the application ends when the subcutaneous tissue 

becomes less rigid and when the movements expressed by 

the various palpated body segments are broader and similar 

to those of the (normal) contralateral side of the body.27

Osteopathic sessions were carried out over 5 consecutive 

days, with OMT applied for a maximum of 15 minutes. The 

OMT included three phases involving the whole mediasti-

num. During the first phase, the operator stands behind the 

patient, resting his hands on the thoracic outlet, with his index 

and middle fingers on the clavicle and the thumbs up to C7, 

facing each other, while the ring finger and little finger stay 

on the anterior area of the chest. In the second phase, the 

operator places one hand on the anterior area of the sternum, 

while the other hand is parallel on the patient’s back; as the 

last phase, the hands are placed on the anterolateral area on   

the costal diaphragm (Figures 2–4).

During the day following the last OMT treatment, tests 

on the patient’s skin surface were repeated, after a follow-

up physical exam and findings of unchanged results by the Figure 2 First phase of osteopathic manipulative treatment.

Figure 4 Third phase of osteopathic manipulative treatment.

Figure 3 Second phase of osteopathic manipulative treatment.
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cardiologist. At that visit, the patient’s feeling of “belt tighten-

ing” was no longer present; moreover, head rotation in both 

directions did not produce any pain or difficulty with range 

of motion. On the VAS, the patient reported a pain level of 

2. Remarkably, the patient was unable to give details of the 

most painful area, describing it as a minimal, widespread 

pain which changed location depending on daily physical 

activities, affirming that pain was no longer limiting move-

ment; moreover, after the third session, the patient reported 

that pain did not wake him up during the night.

The treating neurologist tapered the dose of pregabalin, 

and when the patient was followed-up after 3 months to check 

his clinical status, there were no significant findings on physi-

cal examination, his cardiac status was stable, and he reported 

no abnormal cutaneous sensations. The VAS score was still 

reported to be 2. Pharmacological therapy was continued, 

except pregabalin, which had been discontinued. The patient’s 

function was no longer limited, whereas widespread minimal 

pain persisted with no precise location on the body surface 

(Figure 5). Cervical movement no longer provoked pain.

The patient, having largely recovered, was given an 

appointment for a routine 1-year follow-up visit. 

Discussion
This case report discusses a patient evaluated and success-

fully treated for PSPS with OMT, who developed his pain 

syndrome after a thoracotomy for CABG surgery 4 years 

prior. His presenting symptoms included severe pain in the 

anterior chest, and severe difficulty in completely rotating his 

neck to the right. After evaluation by a cardiologist to rule out 

active heart disease, the patient was diagnosed with PSPS. 

The patient took pregabalin, as prescribed by his neurologist, 

for neuropathic pain of peripheral origin.

Following the evaluation by the cardiologist, OMT fas-

cial unwinding was performed with the patient seated, for a 

maximum of 15 minutes a day on 5 consecutive days.

At the end of these five osteopathic sessions, when the 

patient was seen for a follow-up visit after 3 months, the 

patient reported substantially diminished pain levels and 

restoration of normal neck movements in the absence of 

ongoing treatment with pregabalin.

At this time, many studies have shown that fascial osteo-

pathic treatment is safe and efficacious for many clinical 

conditions, despite the fact that the exact somatic mechanisms 

by which fascial release works are not totally understood.26,27

In patients who have persistent anterior chest wall pain 

after a sternotomy for heart surgery, if an ongoing cardiac 

etiology is excluded, PSPS is a possible cause that is often not 

considered as a  differential diagnosis. Chest pain may reduce 

a patient’s quality of life, lead to sleep deprivation, delay 

return to normal activities of daily living, and cause adverse 

effects on cardiovascular and pulmonary functioning.12

One of the consequences of a sternotomy is the formation 

of adhesions in the scar tissue which form in the mediastinum, 

involving the somatic and visceral structures.28 All the retroster-

nal levels up to the pericardial sac may become involved in 

forming adhesions. During heart surgery, the pericardium is 

incised in order to perform surgical procedures, but it often 

leads to the formation of scar tissue at intrapericardial sites.29,30

These adhesions are not recognizable until new heart 

surgery is necessary, making the secondary procedure more 

complicated.31 These post-operative adhesions are usually 

vascularized and innervated.32

Specific data on the percentage of scar tissue formations 

and detection are not available. It is reasonable to assume that 

one of the causes underlying pain syndrome is the presence of 

these tissues following surgery, which begin to form within 

a few hours after the thoracotomy.

This was probably the case in this patient. Adhesions 

may have caused the pain, by altering mechanical forces 

in the mediastinum (because he only had pain when in the 

orthostatic position).

The fascial system, which gives rise to the adhesions, is 

rich in receptors. Mechanical forces may be detected in the 

Right RightLeft Left

Figure 5 The absence of a precise location of pain.
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adhesions by two types of receptors: the mechanoreceptor (or 

mechanosensor) and the mechanosensitive nociceptor. The 

first deals with information from mechanical modifications, 

whereas the second mostly generates information about painful 

stimuli. However, both convey somatic information. We can 

assume that in the presence of a skin scar or adhesion, these 

receptors may develop altered functions, which can result in 

transmission of non-physiological signals and creating patho-

logical reflex arcs.33 Furthermore, the fascial system contains 

numerous receptors (Ruffini’s and Pacinian corpuscles). If the 

microenvironment of the tissues in the fascia is altered by the 

presence of adhesions/scars, and the mechanical stimuli are no 

longer processed as normal physiological inputs, these recep-

tors can become nociceptors and send afferent pain signals.34 

The same fascial system contains its own nociceptors able to 

synthesize neuropeptides, which if present in altered mechani-

cal structures, can produce an inflammatory environment and 

stimulate afferent signals related to pain.2

We can speculate that the analgesic capacity of OMT 

could be linked to an improvement of the mechanical stresses 

present in the mediastinum, improving the nociceptive affer-

ents of this fascial continuum.12 Improved flexibility of the 

various fascial layers may allow “reset” of the afferent signals 

of the free nerve endings, resulting in physiologic response 

of the efferent ones. 

Moreover, we know that OMT stimulates the parasympa-

thetic system, decreasing the tone of the tissue and reducing 

the level of pro-inflammatory cytokines.35 We can assume that 

another mechanism for analgesic effects by OMT is related 

to the involvement of the parasympathetic system and an 

improved sliding of various fascial layers.

Another possible explanation for the reduction of pain 

by OMT is the placebo effect. We would have to design and 

execute trials with experimental OMT, control, and placebo 

groups to study this question about the efficacy of manual 

therapy in patients with PSPS.

The improvement of cervical movement may be related 

to the connection of the deep fascia of the neck to the endo-

thoracic fascia, which covers the inner area of the chest and 

is in contact with the pericardium. The adhesions formed 

following thoracic surgery may have a greater percentage of 

myofibroblasts. The fibroblasts of the fascial system play a 

fundamental role in conveying tension and can dynamically 

affect mechanical tension.26 All fascial layers (from the skin 

to the pericardium) contain a variable amount of specialized 

fibroblasts (myofibroblasts), with the ability to contract.34 

They contain a type of actin similar to that present in the 

smooth muscle of the digestive system; ie, alpha-smooth 

muscle actin. It is believed that in scar tissue and adhesions, 

these cells increase in number and as a result of the condi-

tions present in the injured tissue, are stimulated to contract, 

consequently stimulating pathological symptoms.34,36–38 

In this patient, we can assume that the mediastinal adhe-

sions have caused new vectors of force which negatively 

influenced the movement of the neck. The OMT may have 

improved the force vectors, and influenced the position of the 

same connective tissue cells, to lead to more physiological 

behavior of the cells.39

OMT had no apparent side effects in this patient. In 

addition, the published literature on the fascial unwinding 

approach has not reported adverse effects resulting from 

this treatment.

Conclusion
It is estimated that each year over 2 million people worldwide 

undergo a sternotomy for cardiac surgery. Some of these 

patients develop persistent pain in the anterior chest which 

has been defined in literature as PSPS. The exact etiology of 

this pain is unknown.

The present article discussed a case report with pain 

resolution using OMT, in a patient who experienced PSPS 

after having a sternotomy for cardiac surgery 4 years prior.

We do not know the mechanisms of the analgesic effect 

seen after this approach. OMT may improve mechanical 

stress in the mediastinum and reduce the nociceptive affer-

ent signals that develop following a surgical intervention, or 

could reduce the synthesis of inflammatory cytokines as well. 

Further studies are needed to understand the basic mecha-

nisms underlying PSPS. Further research will also be needed 

before we can regularly implement osteopathic therapies for 

chronic sternal pain.
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