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A B S T R A C T

Background: Upper extremity (UE) lymphedema, which negatively affects 
patients’ personal and social well-being, is the most common complication after 
breast cancer treatment. Previous studies have demonstrated the adverse effects 
of surgical interventions for breast cancer on spinal postures and UE disability; 
however, no studies have examined the relationships between UE volume and 
postural changes and between UE volume and UE disability in patients with 
lymphedema. Furthermore, some spinal postural changes in patients with forward 
head posture (FHP) remain unassessed in these patients. Therefore, the present 
study investigated the relationship between the volume of the affected UE with 
FHP, kyphosis, shoulder protraction, and UE disability in lymphedema patients.
Methods: The present cross-sectional study was carried out on 32 women with 
unilateral UE lymphedema. UE volume and kyphosis were measured by volumetry 
and a flexible ruler, respectively. Cervical angle was used to assess FHP. To measure 
shoulder protraction and FHP, data obtained from markers and photography was 
analyzed in ImageJ software. The disability of the affected UE was assessed by 
the Persian version of the Disabilities of the Arm, Shoulder and Hand (DASH) 
questionnaire. Data analysis was performed using Pearson’s correlation test.
Results: Significant positive correlations were observed between UE volume 
and UE disability as well as kyphosis. Significant negative correlations between 
UE volume and shoulder as well as cervical angle were also seen. UE disability 
had a significant negative correlation with shoulder angle but no significant 
relationship with kyphosis or cervical angle.
Conclusion: An increase in the affected UE volume due to lymphedema is related 
to an increase in UE disability, kyphosis angle, FHP, and shoulder protraction. 
In addition to treatments for UE volume reduction in lymphedema patients, 
accurate posture evaluation is also recommended.
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Introduction

According to GLOBOCAN 2020, breast cancer is 
the most commonly diagnosed cancer among women 

[1]. Breast cancer patients are treated using surgical 
procedures such as mastectomy and lumpectomy [2]. 
Pain, sensory changes in the surgical site, nerve damage, 
reduced range of motion and shoulder muscle weakness, 
rotator cuff muscles involvement, and scapular dyskinesis 
have been reported as complications of breast cancer 
treatments [3-8].
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Lymphedema, which is associated with chronic or 
repeated swelling of the affected limb, is the most 
common complication after breast cancer treatments [9, 
10]. It can lead to other complications and ultimately 
negatively affect people’s personal and social life [11]. 
According to the available reports, lymphedema may 
develop after treatment in almost 20% of breast cancer 
patients [12]. While upper extremity (UE) is the most 
common site affected by lymphedema, breasts and the 
upper back are also often involved [13]. Lymphedema is 
characterized by symptoms such as pain and heaviness 
in the affected limb, movement limitations, postural 
disorders, changes in spinal alignment, and functional 
impairments in daily activities [14, 15].

Recent articles have shown that surgical interventions 
for breast cancer affect the musculoskeletal system and 
posture [16-18]. Changes in spinal alignment, an increase 
in thoracic kyphosis, UE involvement, and shoulder 
depression on the surgical side have been reported after 
unilateral mastectomy [18]. In addition, Shamley et al. 
reported significant differences between the affected and 
non-affected sides in terms of kinematics of the shoulder 
girdle and scapula [19]. Neck muscles have also been 
reported to be overactive after mastectomy, which can be 
associated with neck and shoulder disorders [20]. 

Lymphedema can aggravate the occurrence of changes 
in posture and deformities following mastectomy [16]. 
Pinto et al. stated that lymphedema affects UE function 
and related activities [21], and UE disorders occurred at 
a significantly higher rate in lymphedema patients who 
underwent breast cancer surgery than in patients who 
developed no lymphedema after the same surgery [22].

To the best of our knowledge, no study has examined the 
relationship between UE volume and postural changes, 
including forward head posture (FHP), in these patients. 
Moreover, no study has assessed the relationship between 
UE volume and the level of UE disability. Therefore, 
the present study aimed to investigate the relationship 
of the affected UE volume with kyphosis, shoulder 
protraction, FHP, and UE disability in patients with UE 
lymphedema following total mastectomy. Abnormal 
changes in the spinal posture and UE, including FHP, 
increased thoracic kyphosis, and increased shoulder 
protraction, can accelerate the occurrence of neck 
pain, headache, shoulder and spinal pain, and other 
musculoskeletal disorders in these patients. Therefore, 
more comprehensive treatment programs can be 
considered in the rehabilitation treatments of this group 
of patients when the relationships between these postural 
disorders and lymphedema are known.

Methods

This cross-sectional study was conducted on patients 
referring to the Lymphedema Clinic of Shahid Motahari 
Clinic in Shiraz, Iran. The study population included 
32 women aged 20-60 years who were selected using 
convenience sampling. The study was approved by 
Shiraz University of Medical Sciences (project number: 
8912-06-01-93). Inclusion criteria were having unilateral 
lymphedema in the dominant UE following unilateral 

modified radical mastectomy in the 3 months prior to 
inclusion in the study, stage 2 lymphedema [23], and 
no history of previous treatment for lymphedema. All 
patients had completed chemotherapy and radiotherapy. 
Exclusion criteria were having a nervous system or 
rheumatic disease, heart or kidney failure, bilateral breast 
cancer, infection, or an open UE wound. All participants 
provided written informed consent to participate.

To determine the presence of lymphedema, water 
displacement volumetry was used as a standard and 
valid tool [24, 25]. For this measurement, each patient 
was asked to remove any jewelry and/or watch and 
then slowly immersed the UE into a water tank. The 
amount of overflowing water was measured. The same 
procedure was repeated for the unaffected side, and the 
difference between the two measurements was then 
calculated. Patients with a volume difference greater than 
or equal to 200 ml were included in the study [25, 26].  
Circumference measurements were also performed 
for both UEs on predetermined areas, which included 
metacarpophalangeal joints, the first web, the wrist, 7.5 
and 15 cm below the elbow, the elbow joint, and 7.5, 
15, and 22.5 cm above the elbow joint. Patients were 
placed in a sitting position with straight elbows for 
circumference measurements [27]. If the circumference 
difference in these determined areas was ≥2 cm, the 
patient was included in the study [23].  the procedure 
was explained fully to the patients before measurements 
were taken. 

To investigate UE function, the cross-culturally adapted 
and validated Persian version of the disabilities of the 
arm, shoulder and hand (DASH) questionnaire was used 
in this study [28].

Kyphosis was measured using a flexible ruler. Patients 
were asked to stand upright with feet shoulder-width 
apart and to distribute their weight evenly on both legs. 
The examiner stood behind the patients to determine 
the spinous processes of the T2 and T12 vertebrae. The 
flexible ruler was placed between the spinous processes 
of T2 to T12, and their locations were marked on the ruler 
accordingly. The same pressure was applied along the 
ruler length, so that there was no space between the ruler 
and the person’s skin and the ruler took the shape of the 
arc of that spinal area. Then, the ruler was placed on a 
millimeter paper, and the arc was accurately drawn. When 
the two ends of the curves were connected, a vertical line 
was connected to the middle of the curve (line H) from the 
middle of the resulting length (L). The kyphosis angle was 
calculated by using the formula Ө=4(Arctang 2H/L) [29].

FHP and shoulder protraction were evaluated using 
photography. To this end, subjects were photographed from 
the side view in a standing position using a photographic 
camera. The camera settings, position, and distance were 
considered the same in all subjects. Reflective markers 
were placed on anatomical markers, including the tragus, 
the spinous process of the 7th cervical vertebra (C7), and 
the middle of the humerus. FHP was measured using the 
cervical angle, which is formed by the horizontal line that 
passes the 7th cervical vertebra and the line that connects 
the tragus, when the subject is staring at the horizon, or 
the head is in a natural position. The smaller the cervical 
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angle is, the more severe the FHP will be. The angle 
formed after connecting the middle point of the humerus 
to the C7 spinous process and the horizontal line shows 
the shoulder protraction. Shoulder protraction is present if 
this angle is less than 52°. The smaller the shoulder angle 
with the horizon is, the greater the shoulder protraction 
will be [30, 31]. ImageJ software was used to measure 
these angles. This method is reported to have high validity 
and reliability [32].

Statistical Analysis
Because of the normal distribution of the studied 

variables assessed by Kolmogorov-Smirnov test, 
Pearson’s correlation test was used to investigate the 
relationship between the volume of UE lymphedema and 
disability, the relationship between the UE volume and 
postural disorders, including thoracic kyphosis, shoulder 
protraction, and FHP and the relationship between UE 
disability and these postural disorders.

Results

A total of 32 women with unilateral UE lymphedema 
participated in the present study. The mean and standard 
deviations of the studied variables in these patients are 
shown in Table 1.

Table 1: Demographic characteristics, upper quadrant posture, and 
upper extremity disability

Mean±SDVariables
49.22±9.51Age (year)
29.49±3.39Body Mass Index
459.37±308.81Limb volume difference (ml)
40.89±8.79Cervical angle (degree)
51.47±13.76Shoulder angle (degree)
46.13±17.91Kyphosis angle (degree)
44.03±24.57Upper extremity disability

The results showed a moderately significant positive 
correlation between UE volume and UE disability 
(P=0.001, r=0.55) and between UE volume and thoracic 
kyphosis angle (P=0.001, r=0.58). These findings 
indicate that UE disability and thoracic kyphosis angle 
increase with increasing UE volume. There was also 
a strong significant negative correlation between UE 
volume and shoulder angle (P<0.001, r=-0.93) and a 
moderately significant negative correlation between UE 
volume and cervical angle (P=0.001, r=-0.57) (Table 2). 
That is, as the UE volume increases, the cervical and 

shoulder angles decrease. It is necessary to explain that 
shoulder protraction and FHP become more severe when 
these angles are reduced.

The results showed a significant negative relationship 
between upper extremity disability and shoulder angle 
(P=0.01, r=-0.57) (Table 3). That is, shoulder protraction 
increases with an increase in upper extremity disability. 
However, there was no significant relationship between 
upper extremity disability and thoracic kyphosis or 
cervical angle (P>0.05).

Discussion

Lymphedema is a common and debilitating health 
problem which occurs after breast cancer and related 
treatments which negatively affect the functional status 
of patients [33-35]. The present study investigated the 
relationship of the volume of UE lymphedema with UE 
disability and upper quadrant postural disorders in women 
with unilateral UE breast cancer-related lymphedema.

The results of the present study showed a relationship 
between the lymphedema volume in the affected UE and 
UE disability, such that increasing lymphedema volume 
led to more UE disability. Previous studies have also 
shown more UE disability in women with lymphedema 
compared to healthy women [15, 17, 22, 26, 36, 37]. 
Several disorders frequently occur in people with breast 
cancer-related lymphedema, including reduced shoulder 
range of motion, weakness of UE muscles (especially 
the shoulder girdle), sensory disorders, skin and tissue 
fibrosis, pain, peripheral neuropathy, frozen shoulder, 
and shoulder and elbow tendonitis, all of which can 
lead to UE functional limitations [16, 38-41]. Abnormal 
movement patterns and various injuries in the affected 
UE, especially shoulder involvement, may occur more 
frequently when there is more severe or late diagnosed 
lymphedema [26, 42, 43]. Such problems can be caused 
by long-term increases in lymphedema volume and tissue 
adaptations.

The findings of the present study showed the negative 
effect of lymphedema on UE function and were 
consistent with the findings of Dawes et al. [36]. Surmeli 
et al., however, reported that despite the negative effect 
of UE lymphedema on body posture and UE function, 
there was no relationship between postural changes and 
UE function [37]. They measured posture using the New 
York Posture Rating Chart, which measures body posture 
in the forms of overall scores based on observation and 
qualitative assessment. In this method, posture is divided 

Table 2: Investigating the relationship of upper extremity volume with disability and upper quadrant posture
Pearson Correlation 
coefficient

Upper extremity 
disability

Thoracic kyphosis angle 
(degrees)

Shoulder angle 
(degrees)

Cervical angle 
(degrees)

Upper extremity 
volume (ml)

P value 0.55 0.58 -0.93 -0.57
0.001* 0.001* <0.001* 0.001*

*The significance level was P value<0.05.

Table 3: Relationship between upper extremity disability and upper quadrant postural disorders
Pearson Correlation 
coefficient

Thoracic kyphosis (degree) Shoulder angle (degree) Cervical angle (degree)

Upper extremity 
disability

P value 0.15 -0.57 -0.22
0.42 0.01* 0.22
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into three categories: good, moderately impaired, and 
severely impaired. However, quantitatively more precise 
methods were used in the present study, which specifically 
investigated the posture of the head and neck, shoulder 
girdle, and thoracic kyphosis. Furthermore, to measure 
UE function, Surmeli et al. emphasized investigating the 
dexterity of the upper extremity, but DASH was used in 
the present study. In Surmeli et al.’s study, most subjects 
had mild lymphedema and also had a heterogeneous 
distribution in terms of surgery type [37]. All patients in 
the present study, however, had undergone mastectomy.

The results of the present study showed a relationship 
between lymphedema volume and upper quadrant 
postural disorders in lymphedema patients, such that 
kyphosis angle, shoulder protraction, and FHP increased 
with an increase in lymphedema volume. Following the 
occurrence of lymphedema, factors such as heaviness, 
an increase in the lymphoedema volume of the affected 
UE compared to the opposite side, and stiffness and 
numbness in the involved UE can disturb the standing 
body posture [33]. As an increase in UE volume leads 
to asymmetric loading of the limbs, a postural change is 
observed in the CoG towards the affected UE [33, 37]. 
Increased UE weight caused by lymphedema can cause 
tensioning in the muscles of the neck and shoulder girdle, 
more intense heaviness discomfort sensation level, lower 
threshold of pressure pain tolerance in the shoulder girdle 
muscles of the affected UE [22], and change in the head 
and shoulder posture [16]. These postural changes can 
be related to pain, skin retraction and surgical scars 
or psychological reactions [44]. Changes in muscle 
activity and kinematics of the shoulder joint following 
mastectomy and lymphedema can ultimately cause 
scapular dyskinesia and disruption of the scapulothoracic 
rhythm [22, 45, 46]. Fibrosis of subcutaneous tissues, 
muscle spasm and adhesion, especially in pectoral 
muscles after breast cancer surgery, can affect pain 
incidence and dysfunction in the shoulder girdle [47]. 
This issue can also affect the position of the scapula. 
Because the scapula plays a key and significant role in all 
functional aspects of the shoulder joint, scapular postural 
changes can affect UE stability and change the ability and 
function of UE in performing various movement tasks. A 
scapular postural change can be caused by an abnormal 
alignment in the cervical and thoracic spine. Studies 
have also shown that thoracic kyphosis and HFP can be 
interrelated [48]. According to the present study, more 
severe thoracic kyphosis was observed in patients with 
larger UE volume. There is a possibility that because 
of the increase in UE volume and the displacement of 
the center of gravity, the back muscles are stretched 
and weakened, and the posterior cervical muscles are 
shortened to compensate for these problems, which in 
turn leads to more severe FHP.

Increased thoracic kyphosis in women with 
lymphedema can lead to scoliosis, balance disorders, 
problems in thoracic cage mobility, and lung function. 
This phenomenon, in turn, may affect whole-body 
posture and the ability of the spine to transfer loads and 
function properly [14]. The observed head and neck 
postural changes in these patients can also aggravate 

these disorders.
Balzarini et al. studied the biomechanical posture of the 

shoulder girdle and spine and showed that lymphedema 
did not change spinal posture [49]; their results may 
be attributable to the small sample size and the non-
homogeneousness of the patients in terms of type of 
surgery and lymphedema severity.

The results of the present study showed a significant 
positive relationship between UE disability and the 
degree of shoulder protraction; however, no such 
relationship was observed in the case of other postural 
disorders, such as thoracic kyphosis and FHP.

One of the limitations of the present study is that pain 
severity was not investigated. Considering the effect of 
pain on UE function, it is suggested that lymphedema 
patients be evaluated in terms of pain (severity, type, 
duration) in future studies. A second limitation is that the 
patients were not homogeneous in terms of time passed 
since surgery and lymphedema severity.

It is suggested that future studies focus not only on 
treatments to reduce lymphedema volume, but also on 
performing exercises to prevent or eliminate postural 
disorders in the spine, head and neck, and shoulders 
in these patients. Based on the results of the present 
study, future studies could examine the effect of 
postural correction treatments on UE volume changes 
or investigate the effect of lymphedema reduction 
treatments on postural changes, which seem to be useful 
in creating an effective treatment plan.

Conclusion

Based on the results of the present study, it can be 
concluded that the increase in UE volume in breast 
cancer-related unilateral lymphedema is related to UE 
disability. Moreover, the severity of thoracic kyphosis, 
shoulder protraction, and FHP is also related to the 
volume of the affected UE; that is, with an increase in the 
volume of the affected UE, the severity of the mentioned 
postural disorders increases.
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