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Kinematic disorders of the scapula in a group of women after 
mastectomy – a systematic review

Abstract
Background. Breast cancer is the most common neoplastic disease in the group of women. In terms of negative consequences 
of oncological treatment, disorders of the kinematics of the shoulder complex and coexisting disorders of motor control are 
also distinguished. Aim of the study. The aim of the study is to systematize information on motor disorders in terms of scapula 
kinematics in the area of the shoulder complex during upper limb elevation movements in the group of women after 
mastectomy. Methods. The systematic review is based on the search results of Science Direct, Ebsco, and PubMed. The 
systematic review was performed on the basis of PRISMA guidelines. Results. The analysis of the works showed the existence 
of disorders in the kinematics of the scapula in the group of women after mastectomy. In this group of patients, the scope of 
upwards rotation of the scapula during the elevation of the upper limb, its lowering, and functional movements was limited. 
Conclusions: The analysed articles indicate the existence of disorders of the scapula kinematics in the group of women after 
mastectomy. The obtained results indicate the necessity of implementing routine evaluation and motor re‑education in the 
_ield of scapula kinematics disorders in the process of comprehensive rehabilitation in this group of patients.

Key words: 
mastectomy, motor control, breast cancer

Streszczenie
Wstęp. Rak piersi w grupie kobiet stanowi najczęściej występującą chorobę nowotworową. Ze względu na coraz 
skuteczniejsze formy leczenia zachowawczego oraz chirurgicznego przeżywalność w tej grupie jest coraz większa. W zakresie 
negatywnych konsekwencji leczenia onkologicznego wyróżnia się również zaburzenia kinematyki kompleksu barkowego oraz 
współistniejące z nimi zaburzenia kontroli motorycznej. Te aspekty zaburzeń nie są szeroko opisane w piśmiennictwie, co 
skłoniło autorów do stworzenia przeglądu systematycznego opierającego się na pracach oceniających kinematykę łopatki 
w tej grupie pacjentów. Cel pracy. Celem pracy jest usystematyzowanie informacji na temat zaburzeń motorycznych 
w aspekcie kinematyki łopatki w obszarze kompleksu barkowego podczas ruchów elewacji kończyny górnej w grupie kobiet 
po mastektomii.Materiały i metody. Przegląd systematyczny oparty jest na podstawie wyników wyszukiwania 
w ScienceDirect, EBSCO oraz PubMed. Poszukiwano następujących fraz: „kinematics and scapular and mastectomy”. Przegląd 
systematyczny wykonany został na podstawie wytycznych PRISMA.Wyniki. Analiza prac wykazała istnienie zaburzeń 
kinematyki łopatki w grupie kobiet po mastektomii. W tej grupie pacjentek zakres rotacji górnej łopatki podczas elewacji 
kończyny górnej, jej opuszczania oraz ruchów funkcjonalnych był ograniczony. Głównymi czynnikami negatywnie 
wpływającymi na kinematykę łopatki jest stan po przeprowadzeniu mastektomii wraz z współwystępowaniem dolegliwości 
bólowych w obrębie kompleksu barkowego oraz obrzęku limfatycznego.Wnioski. Analizowane artykuły wskazują na istnienie 
zaburzeń kinematyki łopatki w grupie kobiet po mastektomii. Problem ten stanowi złożone zjawisko, na które wpływ ma 
potencjalnie wiele czynników, w tym występowanie dolegliwości bólowych w obrębie kompleksu barkowego czy obrzęku 
limfatycznego w obrębie kończyny górnej. Uzyskane wyniki nakierowują na konieczność wdrożenia rutynowej ewaluacji oraz 
reedukacji motorycznej w zakresie zaburzeń kinematyki łopatki w procesie kompleksowej rehabilitacji w tej grupie pacjentek. 
Elementem zwracającym szczególną uwagę w opinii autorów niniejszego przeglądu jest fakt, iż w analizowanych pracach jest 
mała liczebność uczestników badania, co wskazuje również na to, że problematyka zaburzeń kinematyki łopatki w tej grupie 
pacjentów jest nowym zagadnieniem i wymaga przeprowadzenia w przyszłości badań na grupach o znacznie większej 
liczebności, umożliwiając wymianę doświadczeń i wyników badań międzyośrodkowo.
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Introduction
Breast cancer is the most common neoplastic disease in wo‐
men. Due to the more and more effective forms of conserva‐
tive and surgical treatment, the survival rate in this group is 
increasing [1]. In the area of surgical treatment, various less 
and less invasive forms of interaction are used but, following 
specific indications, more invasive procedures, such as ma‐
stectomy, are also performed. Surgical procedures which, in 
many cases ensure the most effective treatment of neoplastic 
disease, are often associated with negative consequences for 
the function of the shoulder complex [2]. Disorders in the 
shoulder complex function [3, 4] are the result of pain, limi‐
ted active and passive mobility, and lymphatic oedema of the 
upper limb and the chest [5, 6]. Information on the above­
mentioned elements is widely reflected in the literature. This 
information is a recommendation for focusing the rehabilita‐
tion process also on the identified dysfunctions within the 
shoulder complex. Disorders in the functioning of the shoul‐
der complex ­ a complicated phenomenon ­ are still a consi‐
derable challenge in the rehabilitation process. In terms of 
negative consequences of oncological treatment, disturban‐
ces in the kinematics of the shoulder complex and coexisting 
disorders of motor control are also highlighted [3, 4]. Unfor‐
tunately, these aspects of the disorder are not widely descri‐
bed in the literature, which prompted the authors, involved 
in physiotherapeutic treatment in this group of patients, to 
create this systematic review. It is worth mentioning that un‐
derstanding the nature of movement disorders is a funda‐
mental element in the diagnostic and therapeutic process of 
biomechanical rehabilitation. It is also a necessary direction 
while implementing elements of physical rehabilitation ba‐
sed on movement re­education in order to restore normal 
movement. The need to learn about the biomechanical func‐
tioning conditions, changed as a result of the performed tre‐
atment within the shoulder complex, is the basis for the 
subsequent identification of motor errors and the implemen‐
tation of targeted elements of motor re­education at the stage 
of clinical work [3, 4, 7].
The purpose of the work is to systematize information on the 
motor disorders of the shoulder complex in the area of the 
scapula, from the viewpoint of biomechanical analysis of 
elevation of the upper limb movements in the group of women 
after mastectomy. An important aspect of this work is also to 
answer the question of how the kinematics of the scapula 
changes during movements of the upper limb as a result of 
lesions following the surgical treatment.

Materials and Methods
The systematic review is based on the search results from 
Science Direct, Ebsco, and PubMed. The following 
phrases were searched for: "kinematics and scapular and 
mastectomy". The time range covered the period of 2019­
2021. The search revealed only 20 results (Science Direct­
9, Ebsco­7, PubMed­4). Then, the obtained results were 
limited by removing 6 duplicates. In total, the authors 
independently analysed the titles and abstracts of 14 
articles. Four original research papers were selected to 
assess the kinematics of the scapula during the upper limb 
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elevation, assisted by digital biomechanical analysis 
devices that allow to determine angular values of the scapula 
movement. The selection was made on the basis of specific 
inclusion criteria: 1) studies involving patients who had 
previously undergone surgical treatment of breast cancer, 2) 
describing the angular values of the scapula movement 
during the upper limb elevation movement using 
biomechanical analysis systems, 3) written in English, 4) 
being research works. 

The systematic review was based on the PRISMA guidelines 
(figure 1) [8]. Only 4 original research works were included 
in the review, the list is summarized in Table 1.

Records identified from databases (n = 20)
­ Science Direct (n = 9)
­ Ebsco (n = 7)
­ PubMed (n = 4)

IDENTIFICATION

Records removed before screening:
­ Duplicate records removed (n = 6)
­ Records outside topics kinematics and scapular and 
mastectomy (n = 3)

SCREENING

Records screened (n = 11) PRecords excluded (n = 4)

Records sought retrieval (n = 7) Records not retrieved (n = 3)

Records assesed for eligibility (n = 4)

INCLUDED

Studies included in review (n = 4)

Figure 1. Flow diagram adapted from PRISMA showing the process of identifying and screening the articles for inclusion 
and exclusion [8]



153

nr 2/2022 (22)

www.fizjoterapiapolska.pl

Results
The analysis of the individual studies included in the review 
shows that both inclusion and exclusion criteria for patients 
from the breast cancer surgical treatment group were very 
similar (Table 2). The size of the studied groups was similar 
(Baran E. et al. N = 67; Lang A.E. et al. 2020 n = 50; Lang 
A.E. et al. 2019 n = 50; Ribeiro I.L. et al. N = 42).

Table 1. Description of articles initially included by PRISMA methodology [8]

Article Type

Original research

Original research

Original research

Original research

Focus Reference

TThree­dimensional assessment of scapular movement during upper limb elevation in the scapular plane.

Evaluation in a group of patients after modified radical/radical mastectomy.

Evaluation of the impact of the presence of lymphedema on upper limb biomechanics.

Three­dimensional assessment of scapular movement upper limb elevation in the scapular, frontal and sagittal 

planes.

Evaluation in a group of patients after mastectomy with and without pain.

Assessing the impact of breast cancer surgery and pain on upper limb biomechanics during limb elevation in the 

scapular, frontal, and sagittal plane.

Three­dimensional assessment of scapular upward/downward rotation in the course of functional tasks: overhead 

reach and overhead lift.

Evaluation in a group of patients after mastectomy with and without pain complaints.

Assessing the impact of breast cancer surgery and pain on upper limb biomechanics during functional tasks.

Three­dimensional assessment of scapular movement in the scapular plane during upper limb elevation in the 

scapular plane.

Evaluation in a group of patients after breast­conserving surgery or mastectomy.

Assessing the impact of breast cancer surgery on upper limb biomechanics.

Baran E. et al., 2021

Lang A.E. et al., 2020

Lang A.E. et al., 2019

Ribeiro I.L. et al., 2019
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A description of each publication is provided below, including 
information on the therapeutic interventions undertaken, the 
scales and tests used, and the results obtained.

1. Impingement pain affects kinematics of breast cancer 
survivors in work­related functional tasks/Lang A.E. et al, 
2019 [9]
Lang A.E. et al., 2019 in their work performed a three­
dimensional assessment of the scapula kinematics during 
functional tasks. The VICON MX20 system (Vicon Motion 
Systems, Oxford, UK) was used for motion analysis. Fifty 
women (n = 50) were examined, the study group consisted of 
women after mastectomy (n = 25) due to breast cancer. This 
group was divided into two subgroups. The subgroup of 
patients with pain in the shoulder complex, the number of 
which was n = 13, and the subgroup of patients with no pain, 
n = 12. The time from surgery in the group of patients with 
pain was 70.0 (39.7) months. This parameter in the group of 
patients with no pain was 42.5 (41.6) months. The division in 
the study group was made based on orthopaedic tests for the 
shoulder complex enabling the provocation of pain. In the 
group of patients with no pain, 10 were treated with 
chemotherapy and 7 with radiotherapy during oncological 
treatment. In the group with pain, 10 patients underwent 
chemotherapy, and 8 received radiotherapy in the course of 
oncological treatment. The time from surgical intervention 
for the pain group was 70.0 (39.7) months, and for the no 
pain complaints group it was 42.5 (41.6) months. In both 
groups, all patients were right­handed. The control group 
consisted of women who had not undergone surgical 
treatment for breast cancer in the past and had no history of 
breast cancer. These patients were free from pain and 
disorders of the shoulder complex. The size of this group 
was n = 25 [9].
The functional tasks were overhead reach and overhead lift. 
The overhead reach consisted in reaching for an object 
weighing one kilogram, taking it down from a shelf suspended 

Table 2. Inclusion and exclusion criteria for patients

Inclusion criteria

1.  > 18 years of age.

2. Breast cancer survivors.

3. Patients after modified radical/radical mastectomy or breast­conserving surgery.

4. Time since surgical intervention more than 6 months.

5. Use of three­dimensional assessment of the scapular motion during upper limb elevation by a biomechanical analysis system.

1. < 18 years of age.

2. Breast cancer survivors after breast reconstruction.

3. Treatment shoulder problems e.g. pain before surgery.

4. Previous shoulder surgery.

5. Time since surgical intervention less than 6 months.

6. BMI > 30.

Exclusion criteria
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at a height of 1.5 meters, and lowering it to the waist level of 
the examined person. The movement was also carried out 
without a load in the same way as in the load test. The overhe‐
ad lift consisted in lifting a box weighing 5­8 kg from the wa‐
ist level of the examined person onto a shelf at the height of 
1.5 meters. During both procedures, the movements of the 
scapula in the aspect of its upward and downward rotation we‐
re assessed [9].

In terms of the obtained results, statistically significant dif‐
ferences were found in the right scapula upward rotation 
parameters as compared to the group of patients with pain, 
the control group, and within the study group. Patients with 
pain in the shoulder complex presented a lower range of 
maximum upward rotation of the scapula during functional 
tasks: overhead reach (d = 0.80, p = 0.006) and overhead 
lift (d = 1.11, p = 0.027) performed using the right upper 
limb. The maximum upward rotation during the overhead 
lift was, respectively, 32.3 (5.9) in the control group, 31.9 
(8.9) in the pain­free group, and 25.4 (6.5) in the pain gro‐
up. The maximum upward rotation during overhead reach 
was, respectively, 29.5 (8.6) in the control group, 29.2 (8.1) 
in the no pain group, and 22.9 (8.5) in the pain group. The 
largest difference of 11.2 degrees [9] was found in the an‐
gular range of the scapula upward rotation during the over‐
head lift movement.

2. Three­dimensional scapular kinematics, shoulder 
outcome measures and quality of life following treatment for 
breast cancer – A case­control study / Ribeiro I.L. et al., 
2019 [10] 
In their work, Ribeiro I.L. et al., 2019, assessed the kinematics 
of the scapula n the course of the upper limb elevation. The 
Flock of Birds Electromagnetic Tracking System (Asension 
Technology Corporation, Burlington, Vermont) was used for 
motion analysis. A total of 42 women were assessed (n = 42). 
The study group consisted of n = 21 women who had pre‐
viously undergone a unilateral mastectomy in the form of 
breast conserving treatment or a single mastectomy perfor‐
med within 6 years. 12 patients underwent surgical inte‐
rventions on the right side, and 9 on the left side. Patients in 
the study group were free from pain in the area of the sho‐
ulder complex. This condition was confirmed by orthopa‐
edic tests. The control group, n = 21, consisted of women 
who had not had breast cancer, had not undergone a ma‐
stectomy in the past and were free from pain in the shoulder 
area. The control group was matched to the study group in 
terms of sociodemographic variables. The movements of 
the scapula in the form of upward rotation, internal rotation, 
and anterior tilt were assessed. These parameters were as‐
sessed at 30, 60, 90, and 120 angles during the limb eleva‐
tion [10].

In the assessment of the kinematics of the scapula in the 
internal/external rotation during the elevation of the arm, 
no statistically significant interaction was found (p = 0.830, 
F = 0.469, and p = 0.589, F = 0.534). Regarding the operated 
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side vs the non­operated side and the inclination of the sca‐
pula, there was a statistically significant interaction in the 
comparisons both between the groups, and within the groups 
(p = 0.179, F = 1.517, and p = 0.657, F = 0.423). The anterior 
inclination of the scapula was significantly greater on the opera‐
ted side. The effect size was considered small within and betwe‐
en the groups for the scapula tilt, and the internal rotation (from 
−0.08 to 0.30) during the shoulder lift. A statistically 
significant interaction was demonstrated in the assessment of 
the scapula upward rotation (p = 0.022, F = 2.572). On the 
surgical intervention side, the range of scapula upward rotation 
within 120 degrees of the upper limb elevation was smaller than 
in the control group (p = 0.010, mean difference = 7.3°, 
Cohen's d = 0.47) [10]. 

3. Examining the assessment methods of scapular motion: 
Comparing results from planar elevations and functional 
task performance / Lang et al., 2020 [11]
In the work by Lang A.E. et al. 2020, a three­dimensional as‐
sessment of the scapula kinematics in the course of functional 
tasks was performed. The VICON MX20 system (Vicon Mo‐
tion Systems, Oxford, UK) was used for the motion analysis. 
Fifty women were examined (n = 50). The control group con‐
sisted of 25 women with no pain in the shoulder complex (n = 
25). The study group consisted of 25 women, n = 25, who had 
undergone a mastectomy in the past. This group was divided 
into two subgroups: the group with no pain n = 16, and the 
group suffering from pain in the shoulder complex n = 9. The 
mean period since the surgery, calculated in months, was 67.3 
(34.7) for the pain group and 50.9 (45.7) for the group suffe‐
ring no pain. The division in the study group was made having 
applied orthopaedic tests for the shoulder complex, enabling 
the provocation of pain symptoms performed on the right side. 
All patients in the study group were right­handed. In the group 
with pain, 6 patients underwent chemotherapy, and 5 under‐
went radiotherapy on the right side. In the group without any 
complaints, 13 patients underwent chemotherapy in the course 
of the oncological treatment, and 5 patients received radiothe‐
rapy on the right side [11].
The scapula upward rotation was evaluated during the right 
shoulder elevation, with its orientation in the scapular, sagit‐
tal and frontal planes. The scapula position was assessed at 
30, 60, 90, 120 degrees, and the position of the maximum 
elevation of the upper limb. Statistically significant interac‐
tions between the groups were found. In the group of pa‐
tients with pain complaints, the scapula upward rotation was 
lower than in the group of patients with no pain within the 
group of patients after mastectomy. The upward rotation du‐
ring movement in the frontal plane at an elevation angle of 
30 degrees (p = 0.014, ƞ2 = 0.169), and 60 degrees elevation 
angle (p = 0.041, ƞ2 = 0.135) was significantly lower in the 
group of patients with pain complaints around the shoulder 
complex. The analysis in the scapular plane showed a signi‐
ficant reduction of the described direction of movement at 30 
degrees of elevation (p = 0.049, ƞ2 = 0.125). Examination in 
the sagittal plane showed a significant reduction in the scapula 
upward rotation range at 30 degrees (p = 0.045, ƞ2 = 0.126), 60 de‐
grees (p = 0.042, ƞ2 = 0.128), and 90 degrees (p = 0.049, ƞ2 = 0.120) [11].
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4. The association of breast cancer­related lymphedema 
after unilateral mastectomy with shoulder girdle 
kinematics and upper extremity function / Baran et al., 
2021 [12]
In their work, Baran et al., 2021 assessed the scapula 
kinematics using the Flock of Birds Electromagnetic Tracking 
System (Asension Technology Corporation, Burlington, 
Vermont). The study group consisted of 67 women, n = 67, 
after mastectomy or modified mastectomy. The patients were 
divided into three groups according to the severity of 
lymphoedema at the upper limb level. This division was made 
on the basis of an earlier volumetric measurement using 
a water vessel, and an estimate of the displaced water volume 
for a limb volume evaluation. 

The authors classified the severity of the oedema as follows: 
0­200 ml of water displaced as a group with no oedema, 200­
500 ml – the group with moderate oedema, and over 500 ml – 
the group with severe oedema. The group with severe 
lymphoedema consisted of n = 27 patients, the group with 
moderate oedema was n = 18, and the group with no oedema 
was n = 22. The mean time since the surgery, calculated in 
months, was 65.4 (34.4) for the severe oedema group, 38.6 
(31.4) for the moderate oedema group, and 32.5 (26.8) The 
mean time in months from the clinical diagnosis of 
lymphedema was 22.8 (22.7) for the moderate oedema group, 
and 41.8 (31.3) for the severe oedema group. 

All patients in the study group were right­handed. In the group 
of patients with severe lymphoedema, 14 patients (51.8%) 
were operated on the right side, in the group with moderate 
lymphoedema that number was 11 (61.1%), and in the group 
without lymphoedema, it was 11 (50%) The assessment of the 
scapula movement was: in upward rotation, internal rotation 
and anterior tilt in the course of the arm elevation in the plane 
of the scapula. 

The evaluation included the assessment of the position of 
the scapula during the phases of the upper limb elevation 
and lowering phase at 30, 60 and 90 degrees. There was 
a statistically significant interaction between the groups in 
the scapula upward rotation during the limb elevation 
movement (p = 0.017, F4.11, 131.51 = 3.09). The extent of 
the scapula upward rotation during the phase of limb 
lowering was statistically significantly greater in the group 
of patients with no oedema as compared to the group with 
severe oedema at an angle of 90 degrees (p = 0.016), 60 
(p = 0.013), and 30 (p = 0.004). There was no statistically 
significant interaction in the assessment of the 
internal rotation of the scapula in the upper limb 
elevation (p = 0.38, F4.15, 132.7 = 1.05). As to the 
anterior tilt movement, there was a statistically 
significant interaction between the groups (p = 0.02, 
F3.47, 111.2 = 3.22). The scapula anterior tilt angle of 30 
degrees in the limb lowering phase was greater in the group 
with severe lymphedema, compared to the group with no 
oedema (p = 0.015) [12].
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Discussion
The conducted systematic review focused on the determination 
of disorders in the kinematics of the scapula in a group of wo‐
men after mastectomy due to breast cancer. All selected works 
were based on the evaluation using recognized movement ana‐
lysis systems. Oncological treatment employing surgery, radio‐
therapy, and chemotherapy may adversely affect the function 
of the upper limb in this group of patients [13]. Disorders in 
the functioning of the shoulder complex, and limitations in the 
function of the upper limb in the group of women after ma‐
stectomy in the course of breast cancer treatment constitute 
a complex therapeutic problem. Patients in this group present 
a wide spectrum of symptoms and deficits in the form of pain 
complaints of a different nature, from mechanically induced 
pain to neuropathic pain [14, 15, 16]. There is also a reduction 
in joint mobility, directly related to the limitation of tissue fle‐
xibility after a treatment resulting in scarring and fibrosis, as 
well as reduced movement parameters in the joints of the sho‐
ulder complex [17], moreover, lymphoedema may develop in 
the free part of the upper limb, as well as in the thoracic region 
[5,6,18]. There are also inextricably linked disorders of motor 
control and changes at the level of the shoulder­scapula rhy‐
thm, as part of the existing disorders of the shoulder complex 
[3,4]. Their occurrence is associated with a change in the qu‐
ality of movement which, in the long term, may lead to the ge‐
neration of pathological load on anatomical structures. As 
a result, accelerated tissue degeneration and pain generation 
may occur, which will ultimately be associated with a change 
at the level of movement patterns and limitation of the func‐
tions of the upper limb [7, 19, 20]. The works aimed at the as‐
sessment of shoulder­scapular rhythm disturbances, employing 
assessment of the kinematics of the scapula with the use of ob‐
jective assessment methods such as biomechanical evaluation 
systems, as opposed to the works relating to other disorders, 
e.g. lymphoedema or joint mobility limitations are, unfortuna‐
tely, not widely available in the literature. The review carried 
out by the authors made it possible to identify only four works 
meeting the criteria, which confirms significant gaps in the 
currently available literature. Therefore, this is an area that ne‐
eds to be explored in the future. Expert knowledge of the kine‐
matic disorders of the scapula and the influencing factors is the 
basis for understanding intricate problems of disorders of the 
shoulder complex functions, and is the starting point for direc‐
tional evaluation, on the basis of which an individualized reha‐
bilitation program is developed. The analysis of individual 
studies made it possible to identify clinically significant infor‐
mation on disorders of the kinematics of the scapula in a group 
of patients after mastectomy.
In their study, Baran et al. assessed the effect of lymphedema 
its occurrence and severity on the specific movement of the 
scapula during the elevation of the upper limb during the rising 
and lowering phase in a group of patients after mastectomy. 
The movements assessed were anterior tilt, internal rotation, 
and upward rotation of the scapula. The obtained results clear‐
ly indicate a significant reduction in the range of upward 
rotation during the descending phase in all assessed angles 
(90­60­30) in the group with severe oedema compared to the 
non­oedema group. Another statistically significant result was 



161

nr 2/2022 (22)

www.fizjoterapiapolska.pl

an increase in the anterior scapula inclination of 30 degrees in 
the descending phase in the group with severe oedema 
compared to the non­oedema group [12]. Increased anterior tilt 
and decreased lower rotation occurring in the severe 
lymphedema group predispose this group to the formation of 
the subacromial and/or subcoracoidal ischemia mechanism. 
This condition is associated with pathological stress on anato‐
mical structures located in these areas which, in a long­term 
perspective, may be associated with developing pain and in‐
flammation [7, 21, 22]. In the long term, as a result of the 
summation of micro­injuries, the tendons of the rotator cuff 
muscles become damaged, which may lead to their complete 
damage [3,7,24]. Reduction in the upward rotation and an in‐
crease in the anterior tilt indicates the improper functioning of 
the muscles of the upper rotators in their eccentric action, 
which proves the existing disturbance of motor control. The 
trapezius muscle together with the serratus anterior muscle 
should inhibit the presenting downward rotation of the scapula 
in the lowering phase in a controlled manner. A greater range 
of the anterior tilt of the scapula may indicate the lack of pro‐
per activation and efficiency of the ascending part of the trape‐
zius muscle in relation to the muscles tilting the scapula 
forward. Movement disturbances identified during the lowe‐
ring phase indicate an imbalance in the neuromuscular control. 
The results indicate a reduction in the efficiency of the upward 
motion rotators of the scapula, and the muscles enabling the 
anterior tilt in terms of their eccentric action [3, 7]. Scientific 
records show that inhibition of the activity of the indicated 
group of muscles is associated with the possibility of genera‐
ting pain in the shoulder­scapular joint, and is at the basis of 
the isthmus mechanism [25, 26, 27]. Patients in the study gro‐
up underwent a mastectomy in the process of oncological tre‐
atment. The obtained results indicate the occurrence of 
disorders only in the phase of lowering the limb [12]. In a situ‐
ation where tissue restrictions would significantly affect the ki‐
nematics of the scapula, it would be related to the occurrence 
of, for example, limited upward rotation the scapula also du‐
ring the limb lifting phase, especially in the final range of the 
motion. Baran et al. reports indicate the presence of neuromu‐
scular control disorders. This area of disorders in the group of 
patients after breast cancer surgical treatment is neglected in 
the process of physiotherapeutic evaluation. The fact that mo‐
tor control deficits are present is connected with the necessity 
of taking these disorders into consideration in the diagnostics, 
and in the subsequent planning of the therapeutic process, ta‐
king into account the targeted tasks aimed at improving the 
control of the downward rotation and anterior tilt of the scapu‐
la [3,4,7]. In their study, the authors state that patients with se‐
vere lymphoedema represent the abnormalities in the 
kinematics of the scapula described above, compared to the 
group with no oedema [12]. The increased volume of the up‐
per limb is associated with an increase in its weight which, in 
turn, places greater demands on the muscles controlling the 
scapula [28], which may be the reason for the analysed diffe‐
rences between the groups. However, there is a large 
discrepancy with respect to the time since surgery between the 
severe oedema group and the non­oedema group. The mean 
time for the severe oedema group is 65.4 months. and 32.5 
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months in the non­lymphedema group [12]. The time since 
surgery for the severe oedema group is approximately twice as 
long, which makes a significant difference. Longer time after 
surgery is associated with a more extensive duration of 
comorbid disorders, including lymphoedema within the 
shoulder complex, so the parameters of the scapula movement 
may have been more disturbed. Therefore, it is difficult to state 
unequivocally that it is only the presence of severe 
lymphoedema that is the only factor contributing to the 
development of the examined deviations in the field of scapula 
kinematics. The group of patients with severe oedema 
represented the abnormalities of the scapula kinematics 
described above, which is very valuable information in terms 
of possible clinical implications of the work under discussion 
[12]. These implications, on the one hand, indicate the patients 
with lymphedema as a group with increased risk of kinematic 
disorders of the scapula, therefore, in the diagnostic and 
therapeutic process, these patients should be assessed and 
subjected to therapy focused on re­education of the 
brachioscapular rhythm, in parallel with the use of 
comprehensive anti­oedema therapy. In the future, in similar 
research studies assessing the influence of lymphedema on the 
kinematics of the scapula, it might be advisable to take into 
account similar time­since­surgery values in comparison with 
other groups where such large differences as in the currently 
discussed study do not occur.
In their work, Lang A.E. et al., assessed the kinematics of the 
scapula in a group of women after mastectomy, and the 
presence of pain in the shoulder complex. In this work, the 
authors assessed the angles of upward rotation of the scapula 
during functional tasks in the form of the overhead reach and 
overhead lift. In the post­mastectomy group of patients with 
pain in the shoulder complex during both assessed functional 
tasks, the range of upward rotation was narrower than in the 
other groups. The assessed functional activities were 
performed with an additional external load. The overhead 
reach with a weight of 1 kg, and overhead lift with a box 
weighing 5­8 kg. Adding an external load was an attempt to 
reproduce everyday life conditions and movements of the 
upper limb that the patients of this group deal with on a daily 
basis [9]. In the second paper, the authors also assessed the 
upward rotation of the scapula at elevation angles of 30, 60, 
90, 120, and the full range of motion. This time, the movement 
was performed without load. The arm was oriented in the 
sagittal and frontal plane of the scapula. The study group also 
included patients after mastectomy, as in the study described 
above. The results of the observations indicate that there was 
less upward rotation of the scapula in the group of patients 
with pain complaints compared to the group of patients with 
no pain complaints. In a detailed analysis, the authors indicate 
that the upward rotation during movement in the frontal plane 
at 30 and 60 degrees is significantly lower in the group of 
patients with no pain complaints. Observations of the angle of 
the upward rotation in the scapula plane showed its reduction 
in the 30­degree position. The analysis of movement in the 
sagittal plane showed a reduction in rotation in the elevation of 
30, 60, and 90 degrees [11]. The results obtained from both 
studies indicate the negative impact of the pain in the shoulder 
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complex on the kinematics of the scapula. A reduced range of 
upward rotation occurring in the select positions mentioned 
above indicates the presence of neuromuscular disorders pre‐
senting as disturbances of the proper activation of the upper 
scapular rotators [25, 27]. In the case of merely myofascial re‐
strictions in the area of the shoulder complex, limiting the sca‐
pula upward rotation, these limitations would also occur in the 
upper limb final elevation positions. Limiting the upward rota‐
tion of the scapula is a risk factor for the occurrence of incre‐
ased stress on the structures of the brachioccapular joint, 
described in the discussion in reference to the work by Baran 
et al., 2021. In order to achieve the correct parameters of the 
upward rotation of the scapula, proper cooperation of all parts 
of the trapezius dorsal muscle and the serratus anterior is requ‐
ired [24]. The occurrence of pain within the shoulder complex 
will be associated with the possibility of inhibiting the activity 
of the upward rotators of the scapula [29, 30]. This condition 
will predispose to the occurrence of scapula kinematics disor‐
ders and motor control deficits. As indicated by the results of 
both works by Lang A.E. et al., actively present pain is poten‐
tially a very important factor causing neuromuscular disorders 
[9, 11]. The obtained results indicate the necessity to imple‐
ment analgesic therapy in the rehabilitation process in the de‐
scribed group of patients who underwent a mastectomy. In 
terms of physiotherapeutic impact, it is also possible to imple‐
ment manual therapy procedures in order to reduce pain para‐
meters and improve the elasticity of soft tissues [31, 32, 33]. 
Along with the analgesic therapy, elements of the therapy rela‐
ted to the re­education of motor control should be implemen‐
ted. Tasks aimed at the activation of the upper rotator cuff and 
the control of the dissociation of the scapula will contribute to 
the reduction of pathological load on the structures of the sho‐
ulder complex [3, 4]. In the case of chronic pain, it is necessa‐
ry to take into account the inhibitory effect of ailments on 
muscle activation, but also the fact that reduced activation of 
the upper scapula rotators may be associated with the genera‐
tion of pathological tissue load, which will constitute an addi‐
tional pain generator [29, 30, 34]. Thus, it is reasonable to 
implement multidirectional treatment in the field of simultane‐
ous pain reduction and motor re­education in order to break 
the reflex pain circle. In the group studied by Lang A.E. et 
al. in 2019, the average time since surgery shows a large diffe‐
rence compared to the intra­group. For the group with pain, 
the time was 70.0 months and for the group without compla‐
ints – 42.5 months [9]. Longer time from the surgery may be 
associated with the occurrence of more severe disorders within 
the shoulder complex. Similar values of the time from surgery 
in both groups would allow for more certainty to confirm the 
statement that pain within the shoulder complex in the group 
of women after mastectomy is one of the main factors influen‐
cing changes in scapula kinematics. The standardization of the 
time from the surgery is probably an aspect that should also be 
taken into account in the case of such a clinically complex and 
difficult to standardize group of respondents.
Ribeiro I.L. et al., 2019 assessed the cinemas of the scapula 
among women who have undergone surgery in the form of 
mastectomy or sparing treatment in the past. The authors 
compared the group of patients after surgical treatment without 
pain in the shoulder complex with the control group. During 
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the elevation of the upper limb, angular measurements of the 
upper scapula rotation, internal rotation, and its anterior tilt 
were taken. The position of the scapula was assessed in the 
range of 30, 60, 90, and 120 degrees of limb elevation. In 
terms of the obtained results, the researchers proved that on the 
operated side, the angle of the anterior scapula on the operated 
side was greater in relation to the parameters on the non­surgi‐
cal side and in relation to the control group. A statistically si‐
gnificant reduction in the rotation of the upper scapula also 
concerned the operated side in relation to the non­operated si‐
de and the control group. These results refer to position 120 of 
the arm elevation [10]. The authors, like in the works of Lang 
A.E. et al. 2019, 2020 assessed the kinematics of the scapula 
only during the limb lifting phase. The reports obtained in this 
study correspond to the results of the previously analysed stu‐
dies. Increased anterior tilt and reduced downward rotation of 
the scapula during the elevation of the upper limb is associated 
with abnormal activation of the upper scapula rotators and the 
potential presence of myofascial restrictions [25, 27]. The exi‐
sting differences between the described studies in terms of the 
elevation angles of the upper limb in which there are restric‐
tions in the movement of the upper scapula rotation or an in‐
crease in its anterior inclination indicate that the approach to 
the evaluation of patients in this group should be meticulous 
and individualized. It is difficult to create a specific pattern of 
disturbances for this group of patients in terms of indicating 
certain critical angles in the elevation of the upper limb. Ho‐
wever, on the other hand, on the basis of the reports obtained 
in the analyzed studies, it can be concluded that in the group of 
patients after surgical treatment of breast cancer, there is a de‐
ficit in the activity of the upper scapula rotators, which will be 
influenced by a number of factors. They include the presence 
of pain at the level of the shoulder complex [9, 11] and lym‐
phoedema of the upper limb [12]. However, the work of Ribe‐
iro I.L. et al., 2019 shows that patients with no pain complaints 
also suffer from disorders of the scapula kinematics, which 
may indicate mastectomy as a factor favouring the occurrence 
of scapula kinematics disorders and pain conditions [10].
The problem of scapula kinematics disorders and motor con‐
trol deficits in this group is complex. On the basis of the ana‐
lysed studies on clinical implications, it is worth noting the 
need to assess the shoulder­scapular rhythm both in terms of 
the lifting and the lowering phase of the upper limb. It is also 
important to conduct the evaluation in various planes of move‐
ment, i.e. the scapular, frontal and sagittal. The assessment it‐
self should be meticulous so that the clinician could capture 
the existing abnormalities relating to different angular values 
and phases of the elevation movement in an individual appro‐
ach to each patient. Moreover, at the stage of therapeutic pro‐
cess planning, the coexistence of pain symptoms or 
lymphoedema should be accounted for as additional factors 
which may adversely affect the brachioscapular rhythm. Com‐
prehensive therapy is based on the implementation of 
analgesic procedures and anti­oedema therapy, but much more 
attention should be paid to the elements of motor control re­
education in order to improve the kinematic parameters of the 
scapula, which would translate into an improvement in the 
functionality of the upper limb in the described group. The 
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subject of scapula kinematic disorders is an area of research 
that requires intensive exploration because of the large group 
of patients who undergo surgical procedures every year in the 
course of oncological treatment. Curing an oncological disease 
saves lives, and conducting comprehensive therapy within the 
shoulder complex is associated with the possibility of impro‐
ving the quality of life. What is worth emphasizing is the limi‐
ted availability of original research studies assessing the 
kinematics of the scapula using recognized digital motion ana‐
lysis systems, the use of which enables the objectification of 
results and the accuracy of measurements. The authors of this 
study also noted the lack of research work carried out on large 
groups, as well as groups with less differentiated parameters, 
e.g. in relation to the time from surgery compared to patients 
with and with no pain complaints. Conducting such studies 
would make it possible to systematize the potential impact of 
a given type of disorder on the kinematics of the scapula by 
determining which groups of patients are at a high risk of si‐
gnificant movement disorders of the upper limb. Such research 
would also enable the exchange of expert knowledge between 
centres, which is currently scarce.

Conclusions
1. Scapular kinematic abnormalities include the phase of ra‐
ising, lowering of the upper limb and selected functional mo‐
vements. The main disturbance is the occurrence of limitation 
of upper scapular rotation during both phases of movement. 
There is also an increase in anterior tilt and internal rotation of 
the scapula. 
2 .The pain in the area of the shoulder complex and a severe 
form of lymphedema is a predisposing factor for motor errors 
in scapular kinematics.
3. The presence of abnormalities in the scapulothoracic rhythm 
is a predisposing factor to limitation of upper limb function in 

Post mastectomy disorder of 
the kinematics of the scapula.

Limiting the scope of the upward rotation of 
the scapula during the elevation of the upper 

limb in the elevation phase.

The presence of pain in the shoulder complex 
negatively affects the kinematics of the 

scapula.

In the post­mastectomy group of women 
there are disturbances in motor control.

Limiting the scope of the upward rotation of 
the scapula during the elevation of the upper 

limb in the descending phase.

The occurence of severe lymphoderma 
negatively affects the kinematics of the 

scapula.

The mastectomy as part of the oncological 
treatment in the past negatively affects the 

kinematics of the scapula.



166

nr 2/2022 (22)

www.fizjoterapiapolska.pl

Adres do korespondencji / Corresponding author

Maciej Śliwiński
e­mail: sliwinskim@gumed.edu.pl

Piśmiennictwo/ References

1. Timothy J. Key, Pia K. Verkasalo, Emily Banks. Epidemiology of breast cancer. Volume 2, Issue 3, P133­140. March 2001.  

https://doi.org/10.1016/S1470­2045(00)00254­0.

2. Delva Shamley, Ion Lascurain­Aguirrebeña, Reza Oskrochi, Ragavan Srinaganathan. Shoulder morbidity after treatment for 

breast cancer is bilateral and greater after mastectomy. Acta Oncol. 2012 Nov. 51(8): 1045­53. doi: 

10.3109/0284186X.2012.695087.

3. Maciej Śliwiński, Piotr Wąż, Wojciech Zaręba, Rita Hansdorfer­Korzon. Motor Control Evaluation as a Significant Component in 

Upper Limb Function Assessment in Female Breast Cancer Patients after Mastectomy. Healthcare. 2021. 9, 973. https://doi.org/

10.3390/healthcare9080973.

4. Rita Hansdorfer­Korzon, Damian Wnuk, Jakub Ławnicki, Maciej Śliwiński, Agnieszka Gruszecka. Regarding the Necessity of 

Functional Assessment Including Motor Control Assessment of Post­Mastectomy Patients Qualified for Latissimus Dorsi Breast 

Reconstruction Procedure – Pilot Study. Int. J. Environ. Res. Public Health. 2020. 17(8), 2845; https://doi.org/10.3390/

ijerph17082845.

5. Rita Hansdorfer­Korzon, Jacek Teodorczyk, Agnieszka Gruszecka, Piotr Lass. Are compression corsets beneficial for the 

treatment of breast cancer­related lymphedema? New opportunities in physiotherapy treatment – a preliminary report. Onco 

Targets Ther. 2016. Apr 7;9:2089­98.

6. Rita Hansdorfer­Korzon, Jacek Teodorczyk, Agnieszka Gruszecka, Jacek Wydra, Piotr Lass. Relevance of low­pressure 

compression corsets in physiotherapeutic treatment of patients after mastectomy and lymphadenectomy. Patient Prefer 

Adherence. 2016. Jul 4;10:1177­87. doi:10.2147/PPA.S108326. 

7. M. Comerford, S. Mottram. Kinetic Control: The Management of Uncontrolled Movement. Elsevier Health Sciences, 2011.

8. Page M. J., McKenzie J. E., Bossuyt P. M., Boutron I., Hoffmann T. C., Mulrow C. D. et al. The PRISMA 2020 statement: an 

updated guideline for reporting systematic reviews. BMJ  2021; 372: n 71. doi:10.1136/bmj.n71

9. Angelica E. Lang, Clark R. Dickerson, Soo Y. Kim, Jamie Stobart, Stephan Milosavljevic. Impingement pain affects kinematics 

of breast cancer survivors in work­related functional tasks. Clin. Biomech. (Bristol, Avon). 2019 Dec. 70:223­230. doi:10.1016/

j.clinbiomech.2019.10.001. 

10. Ivana Leão Ribeiro, Paula Rezende Camargo, Francisco Alburquerque­Sendín, Angélica Viana Ferrari, Cristina Lima Arrais, 

Tania Fátima Salvini.  Three­dimensional scapular kinematics, shoulder outcome measures and quality of life following treatment 

for breast cancer – A case control study. Musculoskelet. Sci. Pract. 2019 Apr. 40:72­79. doi:10.1016/j.msksp.2019.01.012.

11. Angelica E. Lang, Stephan Milosavljevic , Clark R. Dickerson, Soo Y. Kim. Examining assessment methods of scapular motion: 

Comparing results from planar elevations and functional task performance. Clin. Biomech. (Bristol, Avon). 2020 Dec. 80:105203. 

doi:10.1016/j.clinbiomech.2020.105203.

12. Emine Baran, Taha İbrahim Yildiz, Ceren Gursen, Esra Üzelpasaci, Serap Özgül, İrem Düzgün, Türkan Akbayrak. The 

association of breast cancer­related lymphedema after unilateral mastectomy with shoulder girdle kinematics and upper extremity 

function. J. Biomech. 2021 May 24. 121:110432.  doi:10.1016/j.jbiomech.2021.110432. 

13. Meghan E. Vidt, John Potochny, Daleela Dodge, Michael Green, Kathleen Sturgeon, Rena Kass, Kathryn H. Schmitz. The 

influence of mastectomy and reconstruction on residual upper limb function in breast cancer survivors. Breast Cancer Res. Treat. 

2020. Aug; 182 (3): 531­541.

the described group of patients and is one of the reasons for 
pathological loading of anatomical structures, which may be 
associated with pain and the development of functional limita‐
tions in the future.
4  The identified errors in scapular kinematics and factors pre‐
disposing to their occurrence constitute important information 
which should be taken into account during the diagnostic and 
therapeutic process within the scope of modern physiotherapy 
standards.



167

nr 2/2022 (22)

www.fizjoterapiapolska.pl

14. W. C. Smith, D. Bourne, J. Squair, D. O. Phillips, W. A. Chambers. A retrospective cohort study of post mastectomy pain 

syndrome. Pain. 1999. Oct;83(1):91­5. doi:10.1016/s0304­3959(99)00076­7.

15. Beth F. Jung, Gretchen M. Ahrendt, Anne Louise Oaklander, Robert H. Dworkin. Neuropathic pain following breast cancer 

surgery: proposed classification and research update. Pain. 2003. Jul; 104 (1­2): 1­13. doi:10.1016/s0304­3959(03)00241­0.

16. Inga Magdalena Larsson, Jens AhmSørensen, Camilla Bille. The Post­mastectomy Pain Syndrome – A Systematic Review of 

the Treatment Modalities. Breast J. 2017. May; 23 (3): 338­343. doi: 10.1111/tbj.12739. 

17. Jack Crosbie, Sharon L. Kilbreath, Elizabeth Dylke, Kathryn M. Refshauge, Leslie L. Nicholson, Jane M. Beith, Andrew J. 

Spillane, Kate White. Author Notes Effects of Mastectomy on Shoulder and Spinal Kinematics During Bilateral Upper­Limb 

Movement. Physical Therapy. 1 May 2010. Volume 90, Issue 5, Pages 679­692. https://doi.org/10.2522/ptj.20090104.

18. A. A. Ay, S. Kutun, A. Cetin. Lymphoedema after mastectomy for breast cancer: Importance of supportive care. S. Afr. J. Surg. 

2014. 52(2):41­44. DOI: 10.7196/SAJS.1908.

19. David S. Morrison Brad S. Greenbaum, Andy Einhorn. SHOULDER IMPINGEMENT. Orthopedic Clinics of North America. April 

2000. Volume 31, Issue 2, 1, Pages 285­293.

20. Paula M. Ludewig, Jonathan P. Braman. Shoulder impingement: Biomechanical considerations in rehabilitation. Manual 

Therapy. 2011. Volume 16, Issue 1, Pages 33­39. https://doi.org/10.1016/j.math.2010.08.004.

21. Mark K. Timmons, Chuck A. Thigpen, Amee L. Seitz, Andrew R. Karduna, Brent L. Arnold, Lori A. Michener. Scapular 

Kinematics and Subacromial­Impingement Syndrome: A Meta­Analysis. J. Sport Rehabil. 2012 Nov. 21(4): 354­70. doi:10.1123/

jsr.21.4.354.

22. Andrea Diniz Lopes, Mark K. Timmons, Molly Grover, Rozana Mesquita Ciconelli, Lori A. Michener.  Visual Scapular 

Dyskinesis: Kinematics and Muscle Activity Alterations in Patients With Subacromial Impingement Syndrome. Arch. Phys. Med. 

Rehabil. 2015 Feb. 96 (2): 298­306. doi: 10.1016/j.apmr.2014.09.029. 

23. Chris Littlewood, Stephen May,Stephen Walters. Epidemiology of rotator cuff tendinopathy: a systematic review. Shoulder & 

Elbow.29 June 2013. https://doi.org/10.1111/sae.12028.

24. Donald A. Neumann, Kinesiology of the Musculoskeletal System Foundations for Rehabilitation, Mosby, 2016.

25. Mike Smith, Valerie Sparkes, Monica Busse, Stephanie Enright. Upper and lower trapezius muscle activity in subjects with 

subacromial impingement symptoms: Is there imbalance and can taping change it? Phys. Ther. Sport. 2009 May. 10(2):45­50. 

doi:10.1016/j.ptsp.2008.12.002. 

26. Paula M. Ludewig, Jonathan P. Braman. Shoulder impingement: Biomechanical considerations in rehabilitation. Manual 

Therapy. 2011.Volume 16, Issue 1, Pages 33­39. https://doi.org/10.1016/j.math.2010.08.004.

27. Tsun­Shun Huang, Hsiang­Ling Ou, Chien­Ying Huang, Jiu­Jenq Lin. Specific kinematics and associated muscle activation in 

individuals with scapular dyskinesis. J. Shoulder Elbow Surg. 2015 Aug. 24 (8):1227­34. doi:10.1016/j.jse.2014.12.022. 

28. Mahmut Surmeli, Ozlem Cinar Ozdemir. The effect of upper limb lymphedema in posture of patients after breast cancer 

surgery. J. Back Musculoskelet. Rehabil. 2021 Oct. 29. doi: 10.3233/BMR­210049.

29. H. Helgadottir, E. Kristjansson, E. Einarsson, A. Karduna, H. Jonsson Jr. Altered activity of the serratus anterior during 

unilateral arm elevation in patients with cervical disorders. J. Electromyogr. Kinesiol. 2011 Dec. 21(6):947­53. doi:10.1016/

j.jelekin.2011.07.007.

30. Birgit Castelein MSc., Ann Cools PhD, Thierry Parlevliet, Barbara Cagnie. The influence of experimentally induced pain on 

shoulder muscle activity. Journal of Shoulder and Elbow Surgery. March 2017. Volume 26, Issue 3, Pages 497­505. https://doi.org/

10.1016/j.jse.2016.09.005.

31.Franciane Batista Basilio, Raphaela de Medeiros Miranda dos Anjos, Elany Pereira de Medeiros, Elaine Marques Franco de 

Melo, Rodrigo Marcel Valentim da Silva. Effects of manual therapy techniques in the treatment of pain in post mastectomy 

patients: systematic review. Manual Therapy, Posturology & Rehabilitation Journal. 2014. 1­6. http://dx.doi.org/10.17784/

mtprehabjournal.2014.12.190

32. Michael H. Levy, Marcin Chwistek, Rohtesh S. Mehta. Management of Chronic Pain in Cancer Survivors. Cancer J. Nov­Dec 

2008. 14(6):401­9. doi:10.1097/PPO.0b013e31818f5aa7.

33. Fabiana Pinheiro da Silva, Géssica Maria Moreira, Kamilla Zomkowski, Marcos Amaral de Noronha, Fabiana Flores 

Sperandio. Manual Therapy as Treatment for Chronic Musculoskeletal Pain in Female Breast Cancer Survivors: A Systematic 

Review and Meta­Analysis. J. Manipulative Physiol. Ther. 2019 Sep. 42(7): 503­513. doi:10.1016/j.jmpt.2018.12.007.

34. Hermie J. Hermens, Miriam M. R. Hutten. Muscle activation in chronic pain: its treatment using a new approach of 

myofeedback. International Journal of Industrial Ergonomics. October–November 2002. Volume 30, Issues 4–5, Pages 325­336. 

https://doi.org/10.1016/S0169­8141(02)00134­8.


