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Abstract 

Background: The prevalence of breast cancer has risen dra-
matically in recent years and became the second most common 
cause of cancer mortality in women, after lung cancer. Mastec-
tomy is the most common surgery for treating breast cancer and 
have the highest survival rate. 

Aim of Study: The study's goal is to demonstrate how alter-
ations in gait characteristics are caused by mastectomy. 

Subjects and Method: One hundred & forty females were 
divided into two groups. Seventy females post-mastectomy 
serves as a study group and another seventy healthy group. 

The study group's age ranged from 30 to 67 years and sub-
divided into 2 other groups. (group A) young group from 30 to 
44 years and (group B) old group from 45 to 67 years. 

All candidates were required to move back and forth in the 
physical therapy room at their own pace while dressed comfort-
ably and with passive markers on their feet. 

Their walk was recorded by HD Nikon camera for one 
whole minute. Following that, the information was gathered 
and processed by HD-Cam Kinovea Software to derive gait 
parameters. 

The parameters collected were Step Length, Stride Length, 
Step Time, Cadence, and Left-Right Asymmetry. 

Results: The results of current study revealed significant 
differences in all parameters between Controlled and Study 
groups (p<0.01), considering the age groups within the study 
group, there were differences between young and older groupin 
all parameters, so the age is considered to be one of the reason 
of the deterioration of the gait parameters. 

Conclusion: There are gait parameters changes as a result 
of mastectomy as a surgery. 
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Introduction 

AMONG female patients globally, breast cancer is 
the most prevalent malignant tumor. Over 2.3 mil-
lion new cases and 685,000 deaths from breast can-
cer occurred [1]. 

Women over 40 tend to develop cancer more 
frequently, which alters the musculoskeletal system. 
[2]. 

1 in 9 women estimated to be discovered to have 
breast cancer diagnosis before turning 85. The cur-
rent 5-year breast cancer survival rate is 93% [3]. 

In order to treat or prevent breast cancer, entire 
breast tissue is surgically removed from the chest 
this procedure called a mastectomy. With all these 
types, the most common and sophisticated surgeries 
are radical & modified radical [4]. 

Breast cancer survivors' physical function 
is negatively affected by diminished muscular 
strength and decreased postural stability, which 
raises their risk of falling. Additionally, they dis-
covered that cancer patients who had not had any 
chemotherapy had less stable gait than cancer sur-
vivors who had [5]. When malignant and suspicious 
tissue is removed, the chest cavity is left with a gap, 
which frequently gives women the impression that 
their weight is distributed improperly whether she is 
wearing an external breast prosthesis or not. 

This will alter the patient's spine curve, leading 
to an imbalance to fall on the lower body parts and 
distorting the patient's gait [5]. 

Overall body posture is significantly altered by 
mastectomy; these changes first became apparent 
six months after surgery and tended to worsen until 
18 to 24 months later [6]. 
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And with the altered muscle sensitivity, these 
changes cause a disturbance in body statics that al-
ters how the center of gravity is projected and af-
fects motor response [7]. 

Hence, Mastectomy may result in significant 
changes to a woman's trunk anatomy that may af-
fect her spatiotemporal gait patterns. (Physical pa-
rameters of the gait cycle, such as the length of a 
step and velocity of walking) in various ways, with 
or without a prosthesis [8]. Not to mention, after 
a mastectomy, women are exposed to a variety of 
conditions that are known to significantly alter gait 
metrics [6]. 

Gait deviation was presented in a study as a pos-
tural instability adaptation, modifying the step dur-
ing gait and providing compensatory mechanisms 
for efficient movement control to move during daily 
activities. 

The study highly supported this type of deviation 
after evaluation gait of 60 females in two groups ac-
cording to average of age ladies post mastectomy & 
Controlled group healthy females. 

The results were finding significant difference in 
Step & Stride lengths, Step Time, Cadence, number 
of steps & velocity [6]. 

Limited studies were found regarding unilateral 
mastectomy effect on gait parameters post-surgery; 
therefore, this study is strived to assess how the 
walking pattern has changed following a mastec-
tomy. 

This researchmay advance our understanding of 
whether a vital examination of gait in breast cancer 
survivors undergoing physical therapy rehabilita-
tion should be included & to build a new interven-
tion to resume regular living activity with the best 
balance in gait pattern to minimize gait deviation as 
a post-mastectomy consequences. 

Material and Methods 

Subjects: 
This trial was assented by the Ethical Commit-

tee of the Faculty of Physical Therapy, Cairo Uni-
versity. All aspects of the study were disclosed, and 
informed consent was obtained. 

Patients were interviewed for inclusion criteria. 
One hundred & forty females were divided into two 
groups. Seventy femalespost-mastectomy by 4 to 6 
months after surgery served as a study group and 
another seventy healthy group served as controlled 
group. Study group was divided by age into (group 
A) young group from 30 to 44 years (group B) old 
group from 45 to 66. 

All participants in study & controlled were se-
lected from bahya's institute for early detection of  

breast cancer. The group's age ranged from 30 to 67 
years .Patients within the study group were enrolled 
in the trial if they met the following criteria: 

(1) Age between 22 to 70 years, (2) Patients with 
unilateral mastectomy surgery with a duration of 
4-6 months post-surgery without implants, and ex-
cluded in case of: (1) The participant with musculo-
skeletal or neurological deficits prior to mastectomy 
surgery. (2) Patients with recurrent malignancy. (3) 
Uncooperative patients (4) Patients with lymphede-
ma, while seventy healthy females were included 
with age between 22 to 70 years, and if the partici-
pant has good health & body posture, while exclud-
ed in case of musculoskeletal or neurological deficit 
that positively affects her gait, a history of cancer 
illness and has been treated before or recently and 
uncooperative patients. 

Assessment tools: 
1- Digital camera Nikon a digital camera Nikon 

D3200 Full HD resolution 1280 x 720 pixels at 
50 frames per second (fps). 

2- 1 Meter tripod. 
3- Phosphoric markers or steaky phosphoric dots. 
4- Kinovea software: 

Kinovea@ is a free 2D motion analysis software 
for computers that can be used to measure kinemat-
ic parameters without electronic markers attached 
to the patient. 

Kinovea is a valid and reliable tool in assessing 
gait kinematics parameters [8] and the main param-
eters we are going to measure are Step length, Step 
time, Stride Length, Stride Time, Left Right time 
asymmetry, & cadence. 

Assessment procedure: 
All cases were invited to the Bahia Institute 

Physical Therapy Clinics to evaluate their Gait in a 
room with a temperature of 25-26 Celsius to be as 
normal as possible. 

The patient's profile was assessed when her 
illness worsens and more therapies like chemother-
apy and radiation are administered. Also, recogniz-
ing and accounting for any drug-induced impair-
ments that are directly causing gait deviation in the 
patient. 

The top candidates were selected for the test af-
ter carefully screening the patient's medical history. 

Participants in the study should be comfortable 
and dressed casually for data collection. To avoid 
any potential biomechanical alterations brought on 
by various footwear, no shoes were worn. 

The passive markers were placed on back of the 
heel at first, 2nd  and fifth base of tarsal phalanges. 

Participants in this study walked continuously 
back and forth down the hallway for one full minute 
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at their own preferred walking tempo. The patient 
sticked to the floor, which was marked and meas-
ured by a measurement tap as a caliber reference 
of distance for the camera's shooting zone, whereas 
the camera was left stationary. 

The walk was caught on camera video using the 
smallest zoom possible. It was located perpendicu-
lar to the participant at 2.5m distance and lm above 
the floor on a tripod. A stopwatch was used to calcu-
late the time for the walk. 

After filtering the videos to choose the good 
records, data were collected from the camera and 
analyzed via Kinovea software by marking the pas-
sive markers in the software. The Kinovea version 
analyzed was 0.9.24. The procedure included seven 
steps: 
1- Using a feature line to determine the distance. 
2- Using the stopwatch feature to determine the 

time of steps. 
3- Kinovea frame calibration to match the frames of 

the camera therefore the time was real. 
4- Data extraction and transformation for statistics. 

Parameters that were collected from Kinovea 
are: (Step length, Step time, Stride Length, Stride 
Time, Left Right time asymmetry, & cadence). 

• The participant was only aware of being video 
graphing their walk without explaining the idea 
behind it until the end of the test. It took lmin for 
each case for the test. 

• and 1 other min to explain procedure and sign con-
sent form. Adding 2 minutes for recapture in case 
of misunderstanding the test. The video was col-
lected and analyzed by kinovea software to collect 
row of data to analyze it. 

Sample size: Sample size calculations of G* 
power revealed that sample size for this study re-
sults is 140 patients divided into 70 patients in each 
group using power=90% and effect size=0.5. 

Statistical analysis: An unpaired t-test was con-
ducted for comparison of subject characteristics 
between groups. Normal distribution of data was 
checked using the Shapiro-Wilk test. 

Levene's test for homogeneity of variances 
was conducted to ensure the homogeneity between 
groups. Unpaired t-test was conducted for compar-
ison of gait parameters between study and control 
groups and between young and older females of the 
study group. 

The level of significance for all statistical tests 
was set at p<0.05. All statistical measures were per-
formed through the statistical package for social 
sciences (SPSS) version 25 for windows. 

Results 

Subject characteristics: 
Subjects' characteristics were demonstrated 

in Table (1). There was no significant difference 
between study and control groups in age, weight, 
height and BMI (p>0.05). 

Table (1): Basic characteristics of participants. 

Study group 
(N=70) 

Control group 
(N=70) P- 

value 
Mean ± SD Mean ± SD 

Age (years) 45.77±9.35 43.43±10.02 0.15 
Weight (kg) 76.85±12.61 74.64±11.71 0.28 
Height (cm) 161.87±5.29 162.17±4.74 0.71 
BMI (kg/m2) 29.24±3.95 2834±4.02 0.18 

Side of mastectomy: 
Right side 36 (51.4%) 
Left side 34 (48.6%) 

SD: Standard deviation. p-value: Level of significance. 

I- Comparison of step and stride length and Asym-
metry index between study and control groups: 
There was a significant decrease in right and left 

step and stride length and cadence and a significant 
increase in right and left step time of study group 
compared with that of control group (p<0.001). 

There was no significant difference in Asym-
metry index between study and control groups 
(p>0.05). (Table 2). 

II- Comparison of step time and cadence between 
study and control groups: 
There was a significant increase in right and left 

step time of study group compared with that of con-
trol group (p<0.001). (Table 2). 

There was a significant decrease in cadence of 
study group compared with that of control group 
(p<0.001). (Table 2). 

Comparison of step and stride length between 
group A and B & Step Length & Cadence between 
group A & B: 

There was a significant decrease in right and left 
step and stride length of group B compared with 
that of group A (p<0.01). (Table 3). 

There was no significant difference in Asymme-
try index between group A and B (p>0.05). (Table 3). 

There was a significant decrease in right and left 
step and stride length and cadence of group B com-
pared with that of group A (p<0.01). (Table 3). 

There was a significant increase in right and left 
step time of group B compared with that of group 
A (p<0.01). There was no significant difference in 
Asymmetry index between group A and B (p>0.05). 
(Table 3). 



1344 Impact of Unilateral Mastectomyon Gait Parameters 

Table (2): Comparison of gait parameters between study and control groups. 

Study group Control group 
MD t- 

value 
P- 

value Sig. 
X ± SD X ± SD 

Right step length (cm) 43.25±6.84 53.15±5.21 -9.9 -9.62 0.001 S 
Left step length (cm) 42.35±6.82 51.88±6.379 -9.53 -8.53 0.001 S 
Right stride length (cm) 86.16±12.21 105.91±10.30 -19.75 -10.34 0.001 S 
Left stride length (cm) 86.08±13.01 105.46±10.96 -19.38 -9.53 0.001 S 
Asymmetry index 6.57±5.87 5.83±4.99 0.74 0.81 0.42 NS 
Right step time (sec) 0.55±0.05 0.49±0.03 0.06 7.98 0.001 S 
Left step time (sec) 0.56±0.06 0.50±0.03 0.06 7.65 0.001 S 
Cadence (steps/min) 69.22±8.98 81.53±8.10 -12.31 -8.51 0.001 S 

X : Mean. t-value: Unpaired t-value. MD: Mean difference. 
SD: Standard deviation. p-value: Probability value. S : Significant. 

Table (3): Comparison of step and stride length and Asymmetry index & Step time and Cadence 
between group A and B. 

Group A Group B 
MD t- 

value 
P- 

value Sig. 
X ± SD X ± SD 

Right step length (cm) 45.45±6.84 40.47±5.85 4.98 3.22 0.002 S 
Left step length (cm) 45.37±6.47 38.55±5.23 6.82 4.75 0.001 S 
Right stride length (cm) 90.68±12.48 80.46±9.24 10.22 3.80 0.001 S 
Left stride length (cm) 91.05±12.98 79.83±10.15 11.22 3.94 0.001 S 
Asymmetry index 5.63±4.15 7.76±7.40 -2.13 -1.52 0.13 NS 
Right step time (sec) 0.54±0.05 0.57±0.04 -0.03 -2.59 0.01 S 
left step time (sec) 0.55±0.06 0.58±0.05 -0.03 -2.56 0.01 S 
Cadence (steps/min) 71.33±8.03 66.58±9.52 4.75 -8.51 0.02 S 

X : Mean. t-value: Unpaired t-value. MD: Mean difference. NS : Non Significant. 
SD: Standard deviation. p-value: Probability value. S : Significant. 

Discussion 

Total mastectomy is still a common option found 
of treatment according to aggressiveness of cancer 
and how many lymph nodes affected [9]. 

As the best treatment provided is according to 
tumor's size and how many lymph nodes are affect-
ed and the type of cancer cell aggressiveness, the 
most effective technique was simple mastectomy 
with the lowest risk of cancer regression and higher 
survival rates [in 

As Mastectomy is still the effective treatment 
for breast cancer in conjunction with adjacent ther-
apy like hormonal, chemotherapy & radiation, the 
metastasis stops for good, and the patients gets a 
chance to live again. Mastectomy has been devel-
oped to many types of techniques & developed to 
lymph node dissection, selected tissue removal and 
partial mastectomy all known as breast conserving 
surgeries. Although breast conserving surgery such 
as partial or also called lumpectomy has better sur-
vival rate than mastectomy. 

The aim of the work: 
To identify if there are any differences in gait 

parameters after mastectomy following the surgery 
by 4 to 6 months average of acceptable candidates  

to make sure that mainly lymphedema as a common 
complication would not kick in and caused the actu-
al deviation. Kinovea is the easiest inexpensive HD 
VideoCam-Kinovea software to analyze gait param-
eters and measure angles & distance anywhere at 
any time. 

The latest version is used to track speed of jump-
ing and sport activities to detect the weakest muscle 
to focus on training. It is common to use it with high 
resolution camera. 

Our study showed that there was a difference 
seen in all gait parameters between both groups, 
moreover, taking into consideration that age fac-
tor within the postmastectomy patients' group also 
demonstrated changes in step and stride length and 
time and hence decrease in cadence within the older 
group than younger patients. 

In this study, we manage to choose the best tim-
ing before developing lymphedema, as it's a possi-
ble complication with all mastectomies, and making 
sure to be excluded as not to let its weight to be the 
reason for gait deviation. 

The measurements were recorded post-surgery 
from 4 to 6 months. All patients were finished from 
chemotherapy before surgery and had their last To- 
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diation shoot before the test by 1 month to exclude 
any fatigue element that could affect the data. 

However, the results were nearly the beginning 
of a change in gait parameters that could be perma-
nent change after completing one full year post mas-
tectomy, it is in agreement with Serel et al., study 
which supports that pelvic inclination starts after 1 
year of unilateral mastectomy [11], and in balance 
with another study which reported significant vari-
ations in the pelvic inclination angle in mastectomy 
patients [12]. 

The center of gravity (COG) of the body begins 
to change when breast weight is removed there-
fore, it disturbs muscle tension between the right 
and the left sides of the body. So, it is suggested 
and confirmed in study by Montezuma, that unilat-
eral mastectomy affects postural control, as it was 
showed an increase in displacement and velocity of 
the center of pressure on the force platform when 
compared to the healthier group [13]. 

And so the body works to adapt beginning from 
the spine. Confirming this change, Genthon and 
Rougier tracked pressure center in the body weight 
distribution with different loads and noted that the 
mechanism of control decreases with increasing 
postural asymmetry, affecting a change in pressure 
center displacement toward medial-lateral side, with 
the change of COG in postmastectomy patients [14]. 

Another study showed that increased weight dis-
tribution causes a unilateral postural asymmetry and 
displacement of the mass center, directly affecting 
the larger unilateral weight, and providing poorer 
postural stability and augmentation of the displace-
ment velocity of the pressure center. Experimental 
studies have confirmed that when one side of the 
body is overloaded, the COG will be shifting to 
where the load is greater [15]. 

Not to mention that it also will lead to greater 
rate of medial-lateral displacement, increasing the 
risk of falls. Since mastectomy surgery causes a 
larger number of postural asymmetries and mass 
center displacements, it could be deduced that more 
significant contralateral breast surgery would lead 
to worse postural control [16]. It was confirmed that 
the feeling of unevenness in our study that the pa-
tient has felt following the surgery along with other 
complications were commonly appears post mas-
tectomy as mentioned before and It's likely to link 
it with the uneven disruption of the spine. 

Gait deviation was presented in a study whereas 
a form of postural instability adaptation, the modify 
step during gait and provide compensatory mecha-
nisms for efficient movement control to move dur-
ing daily activities. 

The study by Hojan highly supported this type of 
deviation after gait evaluation of 60 patients in two  

groups according to average of age in ladies post 
mastectomy and found deviations in Step & Stride 
lengths, Step Time, Cadence, number of steps & ve-
locity [6], however, despite the attempt to counteract 
the loss of breast tissue on the severed side with an 
externally attached weight, an external breast pros-
thesis did not address the alignment issues with the 
body [6,17]. 

The reason for gait deviation, if it was not from 
the spinal changes, it would be supported by sideef-
fect of chemotherapy. As recovery from vinca alka-
loidneurotoxicity can take up to 2 years, and persis-
tent symptoms have been reported in one third of 
patients [18]. 

Finally this study confirmed the changes of gait 
parameters following mastectomy and presented the 
preliminary evidences for early introducing postur-
al correction exercises for postmastectomy patients, 
however, some limitations must be considered 
when explaining these results; the most significant 
drawback of this experiment was absence of com-
paring the age as a factor in the healthy group to 
illustrate the difference between healthy and mas-
tectomy patients, so future trials for gait assessment 
following mastectomy should evaluate the impact 
of age, weight and height on gait parameters, also to 
minimize human suffering and financial expenses, it 
is vital to raise awareness regarding the protection, 
early diagnosis, and timely therapy of gait devia-
tions in post-mastectomy sufferers, moreover, trials 
should be conducted to evaluate early physical ther-
apy intervention in prevention gait deviations and 
postural malalignment following mastectomy. 
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