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ABSTRACT

Objective: To evaluate upper extremity movement, pain intensity, and respiratory functions in preoperative and postoperative
periods in patients undergoing thoracotomy sparing the serratus anterior muscle (TSSAM).

Methods: Forty-three patients (25 male and 18 female) were included in this prospective observational cohort type study. In
the preoperative period and on postoperative days 1, 2, 3, and 5, ipsilateral shoulder range of motion was evaluated by a goni-
ometer, pain intensity was evaluated by a visual analog scale (VAS), and respiratory functions were evaluated by spirometry.
Results: When compared with preoperative values, shoulder flexion and abduction angle, forced expiratory volume in 1 second
(FEV,), and functional vital capacity (FVC) decreased on postoperative day 1, while VAS significantly increased (P < .05). Shoulder
flexion and abduction angle, FEV,, and FVC significantly increased and VAS significantly decreased on postoperative days 2, 3,
and 5 compared to postoperative day 1 (P < .05). However, they could not reach preoperative values on postoperative day 5
(P < .05). On postoperative day 1, while there was a correlation between pain and flexion (r=—0.438; P=.003) and abduction
(r=-0.503; P=.001) angles, no correlation was found between pain and FEV, (r=—0.189; P=.225) and FVC (r=0.009; P =.953).
There was no correlation between pain and flexion, abduction, FEV,, and FVC on postoperative days 2,3, and 5 (P > .05).
Conclusions: Patients undergoing the TSSAM had less upper extremity range of motion and respiratory functions and more
pain intensity in the early postoperative period than in the preoperative period. It was observed that pain and flexion and
abduction angles were negatively correlated on postoperative day 1. In the postoperative period, they should be taken into
account in the design/development of rehabilitation programs.
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INTRODUCTION

Standard posterolateral thoracotomy (SPLT) is used for most
general thoracic surgical procedures. This incision involves the
incision of the latissimus dorsi and serratus anterior muscles
and provides an excellent view of the entire chest cavity, which,
however, causes increased blood loss, impaired pulmonary
function, postoperative chest pain, and limitation of shoulder

movement."? In order to minimize these disadvantages, muscle-
sparing thoracotomy (MST) in which the latissimus dorsi and ser-
ratus anterior muscles are not cut, or thoracotomy sparing the
serratus anterior muscle (TSSAM), in which only the latissimus
dorsi muscle is cut, is preferred.> The serratus anterior muscle can
be preferred as an alternative approach due to various advan-
tages such as providing a wide view through posterolateral
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incision, combining muscle-sparing advantages, simple and fast
application, facilitating thoracotomy closure, and the possibility
of using in emergency surgical conditions.*

Thoracotomy may cause decreased shoulder range of motion
and chronic pain. Upper extremity range of motion limitations
in patients undergoing thoracotomy is thought to be due to
complete denervation of the serratus anterior and latissimus
dorsi muscles. Because the serratus anterior muscle and the
trapezius muscle together provide the rotation of the scapula,
which is necessary for shoulder abduction and flexion.® It has
been stated that the latissimus dorsi is the most effective depres-
sor of the humeral head, and it has been stated that it helps
to hold the scapula against the thorax during upper extrem-
ity movements, by attaching the latissimus dorsi to the inferior
angle of the scapula.® In addition, pain can be effective in these
limitations.”® Postoperative pain is caused by patient position-
ing during thoracotomy, intercostal nerve and vessel injuries
during retraction, major muscle cuts, costa retraction, and chest
tube placement.®"" Studies evaluating upper extremity range of
motion and pain have generally been performed in patients with
MST and SPLT.">'* It was reported that preserving the serratus
anterior muscle increases shoulder mobility.* However, postop-
erative evaluations are needed in patients undergoing TSSAM.
It is also important to determine the relationship between pain
and range of motion.

It has been reported that a painful incision may cause a decrease
in lung volume and respiratory functions by increasing muscle
tone during inspiration. This may cause increased secretion, atel-
ectasis, and respiratory tract infections.'>'¢ Postoperative pulmo-
nary complications are an important cause of morbidity after
thoracotomy, leading to a prolonged hospital stay and increased
health care costs."” It was stated that it is unclear whether spar-
ing the serratus anterior muscle will enhance the recovery of
postoperative respiratory function.' In this context, it is neces-
sary to provide evidence to determine postoperative respiratory
functions in patients undergoing TSSAM and to better predict its
relationship with pain.

The aim of the study was to evaluate upper extremity movement,
pain intensity, and respiratory functions in patients undergoing
TSSAM on postoperative days 1, 2, 3, and 5. The hypothesis inves-
tigated was as follows: In the early postoperative period, upper
extremity range of motion and respiratory functions decrease in

Main Points

- It was found that joint range of motion, pain, and respira-
tory functions were negatively affected in the early post-
operative period compared to the preoperative period in
patients undergoing the serratus anterior muscle (TSSAM).

- Pain on postoperative day 1 was negatively related to flex-
ion and abduction angles.

- Joint range of motion, pain, and respiratory functions
should be considered in rehabilitation programs to be
applied in patients with TSSAM.
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patients undergoing TSSAM, the intensity of pain increases, and
these parameters cannot reach preoperative values.

METHODS

Study Design

This prospective observational cohort type study was carried
out in accordance with the rules of the Declaration of Helsinki.
It was conducted at the Department of Thoracic Surgery of
Gaziantep University The study was approved by the Ethics
Committee of Gaziantep University (Date: October 13, 2014,
Decision number: 2014/312). This study was conducted between
2014 and 2015.

Patients

Patients aged between 15 and 73 years, volunteering to partici-
pate in the study were assessed at the thoracic surgery clinic.
Patients with pathology, such as tumor and tendinitis, which
would cause limitation of shoulder movement on the incision
side, those with an incision outside of TSSAM, those who received
other incisions addition to TSSAM, or those with extended inci-
sions such as chest wall resection were not included in the study.
All patients were informed about the study and signed consent
forms were obtained.

Procedures

After the patients were monitored for vascular access, arte-
rial blood pressure, heart rhythm, and urine output, they were
placed under general anesthesia. The cardiovascular and respi-
ratory systems became available for monitoring and manipu-
lation. The patients were placed on the operating table in the
lateral decubitus position with the operated side up. A pillow
was placed under the chest to increase the gap between the
ribs and armpit support to prevent injury to the brachial plexus.
While the upper leg was in full extension, the lower leg was
kept slightly flexed. The arms were placed in flexion on the arm
boards. The knee was supported for peroneal nerve damage. In
addition, sternum and hip stabilizers were used. The incision site
was covered with sterile drapes to prevent bacterial migration.
The patients were intubated with a double-lumen endotracheal
tube.’®

The incision, which started approximately 4 cm below the nip-
ple and at the level of the anterior axillary line, continued 1 cm
below the lower end of the scapula. The incision proceeding
posteriorly from the medial of the scapula was terminated after
3-4 cm over the lower end of the scapula. After the subcutaneous
tissue was passed, the latissimus dorsi, serratus anterior sheath
and, if necessary, the lower part of the trapezius was cut a little
to reach the intercostal space. A thorax retractor was placed in
the appropriate intercostal space, and the ribs were stretched
enough (8-10 cm) to perform the procedure. At the end of the
procedure, the thoracotomy incision was closed in the same way
in each patient.''®

Evaluations

The patients’age, gender, body mass index, diagnosis, and oper-
ation types were evaluated in the preoperative period. Upper
extremity joint range of motion, pain intensity, and respiratory
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functions were evaluated both in the preoperative period and
on postoperative days 1, 2, 3, and 5. In addition, all patients
routinely performed the exercises (toe climbing on the wall
in addition to breathing exercises) given in the department of
thoracic surgery. All assessments were performed by the same
physiotherapist.

Shoulder Range of Motion

The flexion and abduction angles of the ipsilateral shoulder were
measured with a goniometer. The normal range of motion of the
shoulder is 0-180° for flexion and abduction.”

Pain Intensity

Pain intensity of the patients was evaluated with a visual analog
scale (VAS). The VAS is a 10-cm horizontal line, where 0 repre-
sents no pain and 10 represents excruciating pain. All patients
were asked to indicate the pain intensity they perceived on the
horizontal line.?

Respiratory Functions
The respiratory functions of the patients were evaluated with
a portable spirometer (MIR Spirobank Hand-Held Spirometer,

Figure 1. The flowchart diagram for the patients.

CASES

Patients who underwent TSSAM
Assessed for eligibility (n = 48)

Excluded (n=15)

Performed other incisions in addition to TSSAM (n
=3)

Those with tendinitis in the shoulder (n=1)
Not accepted to participate (n=1)

Analyzed

(n=43)
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Rome, Italy) in an upright sitting position. During the measure-
ments, the American Thoracic Society and European Respiratory
Society criteria were followed.?" To prevent air leakage, patients
wore a nose clip. First, a forced inspiration and then a forced
expiration were performed. The best of 3 measurements was
recorded. The volume of air exhaled in the first second of forced
expiration (FEV,) and forced vital capacity (FVC) values was
recorded.”!

Sample Size and Statistical Analyses

The effect size was calculated as 0.45 in the power analysis per-
formed considering previous studies'>?? on the parameters to
be investigated in patients who underwent TSSAM. According
to the power analysis made before the study, it was observed
that at least 41 individuals should be included when the power
is 80%, the error level is 0.05, and when the hypothesis is deter-
mined as bidirectional. This analysis was carried out with a sta-
tistical power analysis program (G'Power, Version 3.1.9.2, Franz
Faul, Universitat Kiel, German).

One-way repeated-measures analysis of variance was used to
compare the measurements obtained at different times. As intro-
ductory statistics, mean = standard deviation values for numeri-
cal variables and number and percentage values for categorical
variables are given. IBM Statistical Package for the Social Sciences
Statistics for Windows, Version 21.0 (Armonk, NY, USA) was used
in analyses. Any P < .05 was considered statistically significant.

Table 1. Demographic and Clinic Characteristics of the
Patients.

Patients (n=43)

Age (years, X + SD) 52.07 + 14.46
BMI (kg/m?, X + SD) 28.81 + 6.49
Diagnosis (n, %)

Lung cancer 22 (51.2)
Hydatid cyst 8 (18.6)
Mesothelioma 4(9.3)
Bullous disease of the lung 1(2.3)
Aspergilloma 1(2.3)
Bronchiectasis 1(2.3)
Malignant solitary fibrosis tumor 1(2.3)
Mediastinal mass 1(2.3)
Osteosarcoma 1(2.3)
Prostate cancer 1(2.3)
Renal cell carcinoma 1(2.3)
Solitary pulmonary nodule 1(2.3)
Procedure (n, %)

Wedge resection 14 (32.6)
Lobectomy 10 (23.3)
Cystotomy + Capitonnage 6 (14)
Decortication 1(2.3)
Pleural mass excision 4(9.3)
Pneumonectomy 4 (9.3)
Exploration 3(7)
Mediastinal mass excision 1(2.3)

X, mean, SD, standard deviation; BMI, body mass index.
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Table 2. Range of Motion on Operative Side, Visual Analog Scale, Pulmonary Function Tests, Values for Preoperative and

Postoperative Days 1, 2, 3, and 5

Preop
(X + SD)

Postop First

Values (X + SD) (X + SD)

Postop Second Postop Third

Postop Fifth
(X + SD) pl

(X + SD) ITI-p

Abduction
(0-180)

177.32 £ 3.93 137.27 + 15.41 150.32 + 11.37 164.55 +10.45 171.88 +7.61 0.001* p2:0.001%, p3:0.001*

p4:0.001%, p5:0.001*
p6:0.001%, p7:0.001*
p8:0.001%, p9:0.001*
P1,:0.001%, p,,:0.001*

Pulmonary
function

FEV, (L) 2.47 +0.71 0.82 +£0.24 1.05 £ 0.29

1.36 + 0.25 1.61 +0.31 *0.001* p2:0.001,* p3:0.001*
p4:0.001,* p5:0.001*
p6:0.001,* p7:0.001*
p8:0.001,* p9:0.001*

P1,:0.001,* p,,:0.001*

*P < .05.

ITI-p; inter-time interaction, sub-group comparisons; p1, difference between times; p2, comparison of the preop and postop day 1; p3, comparison of the
preop and postop day 2; p4, comparison of the preop and postop day 3; p5, comparison of the preop and postop day 5; p6, comparison of the postop day
1 and postop day 2; p7, comparison of the postop day 1 and postop day 3; p8, comparison of the postop day 1 and postop day 5; p9, comparison of the
postop day 2 and postop day 3; p10, comparison of the postop day 2 and postop day 5; p11, comparison of the postop day 3 and postop day 5; X, mean;
SD, standard deviation; preop, Preoperative; Postop, postoperative; ROM, range of motion; VAS, visual analog scale; FEV,, forced expiratory volume in 1

second; FVC, forced vital capacity.

RESULTS

Forty-eight patients were evaluated for the study. In total, 43
patients met the inclusion criteria (Figure 1). Demographic and
clinical characteristics of the patients (25 male (58.1%), 18 female
(41.9%)) are shown in Table 1. Twenty-three patients (53.5%) who
underwent TSSAM had right thoracotomy and 20 (46.5%) had
left thoracotomy (Table 1).

Shoulder flexion and abduction angle and FEV, and FVC values
decreased significantly on postoperative day 1 in patients com-
pared to preoperative values who underwent TSSAM (P < .05).
There was a significant increase every day on postoperative days
2-5 compared to postoperative day 1 (P < .05). However, these
values could not reach preoperative values even on postopera-
tive day 5 (P < .05) (Table 2).

Pain intensity increased significantly on postoperative day 1 com-
pared to the preoperative values (P < .05). There was a significant

decrease in pain intensity on postoperative days 2-5 compared to
postoperative day 1 (P < .05). However, even on postoperative day
5, the pain intensity could not reach the preoperative value (P < .05)
(Table 2). The variation between days in shoulder flexion and abduc-
tion angle, pain, and FEV, and FVC values is shown in Figures 2-6.

In patients who underwent TSSAM, there was a moderate
negative correlation on postoperative day 1 between pain
and flexion (r=-0.438; P=.003) and abduction (r=-0.503;
P=.001) angles. On the other hand, no significant correlation
was found between pain and FEV, (r=-0.189; P=.225) and FVC
(r=0.009; P=.953) scores. At postoperative days 2-5, no corre-
lation was found between pain and flexion angle (r=-0.145,
P=.354; r=-0.136, P=.386; r=-0.011, P=.946), abduction
angle (r=-0.108, P=.491; r=—0.044, P=.778; r=0.030, P = .849,
FEV, value (r=-0.095, P=.544; r=-0.111, P=.477; r=0.031,
P=.845), and the FVC value (r=-0.041, P=.795; r=0.053,
P=.734;r=0.062, P=.692).
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Figure 2. Demonstration of changes in flexion angle between
preoperative values and values from postoperative days 1, 2,
3,and 5.

Figure 4. Demonstration of changes in VAS between
preoperative values and values from postoperative days 1, 2,
3,and 5.VAS, visual analog scale.

190

180

170

Flexion (0-180°)

130

120

110

Preop  Postopl Postop2  Postop3  Postop3

Figure 3. Demonstration of changes in abduction angle
between preoperative values and values from postoperative
days 1,2,3,and 5.
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DISCUSSION

The following were observed in the present study: (i) On post-
operative day 1, shoulder joint range of motion and respiratory
function decreased, while pain intensity increased. (ii) On post-
operative days 2-5, the shoulder joint range of motion and respi-
ratory functions increased, while the pain intensity decreased
compared to postoperative day 1. (iii) Even on postoperative

Figure 5. Demonstration of changes in FEV, between
preoperative values and values from postoperative days 1, 2,
3,and 5. FEV,, forced expiratory volume in 1 second.
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day 5, none of the parameters reached the preoperative value.
(iv) There was a moderate and negative correlation between the
intensity of pain and range of motion on postoperative day 1.

Thoracotomy affects shoulder mobility, but muscle-sparing
approaches have been reported to facilitate shoulder mobility.™
Studies have generally focused on differences between shoulder
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Figure 6. Demonstration of changes FVC between
preoperative values and values from postoperative days 1, 2,
3,and 5. FVC, functional vital capacity.
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joint range of motion in various thoracotomy approaches.’>* In
the study of Oztiirk et al.2? in the comparison of the patients who
underwent MST or TSSAM, it was reported that shoulder flex-
ion and abduction were less restricted in those who under-
went MST on postoperative days 1, 2, and 7. In the study of
Cobanoglu et al.” flexion and abduction angles were quite dif-
ferent than preoperative values on postoperative day 7 in the
TSSAM group. In addition, the following results were obtained
when thoracotomy types were compared in the same study: It
was found that the shoulder abduction angle was similar in the
TSSAM and MST group on postoperative day 7,and the abduction
angle in both groups was significantly higher compared to SPLT.
It was stated that the flexion angle was higher in the MST group
compared to TSSAM on postoperative day 7, and was lowest in
the SPLT group. In the study of Akcali et al.’ flexion and abduc-
tion angles approached the preoperative values in postoperative
week 2 in patients who underwent MST. Therefore, they stated
that the shoulder joint range of motion recovered in 2 weeks in
the MST group. In addition, in this study in which thoracotomy
types were compared, it was stated that the shoulder joint range
of motion was less affected in patients who underwent MST
than those who underwent SPLT. Athanassiadi et al** examined
2 groups who underwent MST or SPLT and found that flexion and
abduction angles could not reach preoperative values in week
1, but returned to preoperative values later in the first month.
In our study, it was found that flexion and abduction angles
decreased in the early postoperative period. The decrease in
joint range of motion may be caused by the incision of an impor-
tant and large muscle group, such as the latissimus dorsi, even
if the serratus anterior muscle is preserved; it may occur due to
the tension on the intercostal nerves by spacing the intercostal
space by means of retractors used during entry into the thorax;
or, it may develop due to rib injuries that may occur at this angle

Karaaslan et al. Functional Capacity in Patients with Thoracotomy

(injury due to compression in the periosteum, or rib cracks/frac-
tures).>'® Flexion and abduction angles increased significantly
on postoperative days 2, 3, and 5, in this order. Although these
results are similar with the ones reported in the literature,'*'* flex-
ion and abduction angles of the patients showed a faster recov-
ery in a short period of 5 days compared to other studies. This
may be due to the effects of developing surgical techniques, cor-
rect positioning, and exercises performed for the shoulder joint
beginning with postoperative day 1. In cases in whom TSSAM is
applied, itis important that the rehabilitation program is applied
comprehensively by physiotherapists to increase the range of
motion of the upper extremity in the early postoperative period.

Pain after thoracotomy is an important risk factor for morbidity.
Therefore, surgeons should be aware of the effects of the tech-
niques they have developed on pain.* Cobanoglu et al' reported
that pain intensity decreased from an average of 8-1.2 on post-
operative day 7 in groups who underwent TSSAM and MST.
Akcali et al'? reported that the postoperative day 8 pain level was
2.03 in the group who underwent MST. There are studies report-
ing that TSSAM and MST are less painful than SPLT and that
patients who underwent TSSAM and MST have less VAS value
and they need lower narcotic analgesics in the early postopera-
tive period.?*%* In their meta-analysis, Uzzaman et al*’ reported
that pain scores were the same in patients who underwent SPLT
and MST on postoperative day 1, but they were lower in patients
who underwent MST on postoperative day 7 compared to those
who underwent SPLT. Similar to the studies in the literature, in this
study, it was determined that pain decreased to 2.53, a significant
decrease, on postoperative day 5. Excessive pain in the early period
may be due to the cut of the skin and pleura and retraction of the
costae. The outcome that pain approaches preoperative values in
the following days may be related to the fact that the retraction
of the costae and the presence of chest drains are less problem-
atic and that epidural analgesia is more effective. Physiotherapy
agents can be used in the early postoperative period in order to
reduce the intensity of pain in patients who underwent TSSAM.%

Thoracotomy causes volume loss due to impaired lung compli-
ance and lung resection. Therefore, postoperative respiratory
dysfunction is inevitable. Differences between thoracotomy
types may be related to the incision of the latissimus dorsi and
serratus anterior muscles, which are weak respiratory muscles.
Uzzaman et al? stated in their meta-analysis that there may be a
significant difference in pulmonary function tests in SPLT and MST
groups. However, due to the limited number of studies performed
in postoperative week 1, they could not evaluate respiratory func-
tions. Ponn et al® stated that MST may result in better long-term
pulmonary function, but the differences with other thoracotomy
types are small and do not provide a significant clinical difference
in the patient. Cobanoglu et al'® found that pulmonary functions
were significantly better in the MST group than in the TSSAM and
SPLT groups on postoperative days 3 and 7. Hazelrigg et al?* found
that pulmonary functions reached the preoperative value approxi-
mately 1 month later. According to Miyoshi et al.* FEV, and FVC
values approached 60% and 70% of the preoperative values,
respectively, at an average of postoperative 9 and 26 days. In our
study, it was found that although respiratory function parameters
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decreased in the early postoperative period and increased within
days, they did not reach the preoperative values. Although these
results are compatible with the studies in the literature, the reason
for not reaching the preoperative values may be the incision of the
latissimus dorsi muscle. In addition, the most important param-
eter affecting respiratory functions is the surgical procedures
that require parenchymal loss (wedge resection, lobectomy, and
pneumonectomy) in a significant portion of patients. Due to low
respiratory functions in the postoperative period, a pulmonary
rehabilitation program should be applied more intensively begin-
ning with the early period.

A correlation was found between pain and range of motion only
on postoperative day 1. The lack of correlation between pain and
range of motion on other days may be due to the early mobiliza-
tion and exercises for the shoulder joint routinely given to the
patients by the surgeons and accompanying physiotherapists. If
there is no relationship between pain and respiratory functions,
it may be that the pain improves in a shorter time and the respi-
ratory functions need a longer time to recover.

The first limitation of the study is that it involves a short-term
evaluation. Future studies should also consider long-term evalu-
ations. Because in the long-term evaluation, positive results can
be seen regarding the postoperative values reaching the preop-
erative values. Second, there was no control group in the study.
Further studies should include a control group. Third, there are
variations in surgical procedures performed in patients undergo-
ing thoracotomy.

CONCLUSION

In conclusion, in this study, it was observed that the shoulder
joint range of motion and respiratory functions decreased and
the intensity of pain increased in the early postoperative period
in patients who underwent TSSAM. On postoperative day 1, pain
and upper extremity range of motion were found to be nega-
tively correlated. The findings of the study suggested that these
parameters should be taken into account in the evaluation of
patients who underwent TSSAM and in the physiotherapy meth-
ods to be used in the treatment.
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