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Abstract

Background. Abdominal donor site complications in bilateral pedicled transverse rectus abdominis muscle (TRAM)
have been a concern when compared with bilateral deep inferior epigastric perforator (DIEP) flap breast
reconstruction. This study aimed to assess the strength, endurance, and motor control in patients undergoing DIEP
and TRAM flaps.

Methods. A prospective, cohort study was performed at a single institution including patients who underwent pedicled
TRAM and DIEP flap reconstruction after mastectomy from August 2017 to August 2018. Patients underwent pre- and
postoperative testing involving rectus abdominis, prone plank, side bridge, and trunk flexor tests. Descriptive analyses
and multivariate linear regressions were performed.

Results. The final analysis included a total of 9 patients, 4 of whom underwent TRAM flap reconstruction while 5
underwent DIEP flap reconstruction. The tests were not statistically significant between the TRAM versus DIEP
groups, including rectus abdominis mean time decrease (0.25 vs 0.60 sec, P = .51), prone plank time increase (1.38
vs 1.38 sec, P = .51), right side bridge time increase (7.54 sec vs 32.15 sec, P = 1.00), left side bridge time increase
(2.14 vs 44.5 sec, P = .37), and trunk flexor time decrease (4.68 vs 1.68 sec, P = .44). Overall complications were
similar between the 2 groups.

Conclusions. No significant difference in abdominal donor site morbidity was found when comparing the 2 groups.
This article provides a point of conversation with patients when discussing available reconstruction options.

Introduction

Breast reconstructive surgery has become a fundamental component of the overall treatment for patients diagnosed with
breast cancer. Studies have demonstrated increased long-term patient satisfaction with autologous reconstruction when
compared with implant-based reconstruction.  With both transverse rectus abdominis muscle (TRAM) and deep inferior
epigastric perforator (DIEP) flap procedures, abdominal wall tissues are transposed to the chest wall. The free TRAM flap
was first described in 1979 by Holmstrom, followed by pedicled TRAM flap in 1982 by Hartrampf.  The DIEP flap was
subsequently described in 1994 by Allen in attempts to reconstruct like with like and potentially decrease hernia and
abdominal muscle weakness rates.
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Since then, studies have been conducted to compare the benefits and complications of the 2 techniques; specifically, the
abdominal donor site complications commonly attributed to the sacrifice of the rectus abdominis muscle in the TRAM flap.
However, the method of evaluation of postoperative abdominal function after breast reconstruction has been inconsistent.

Previous studies have used sit-ups, hernia rates, bulge rates, and self-reported questionnaires to test outcomes, with
conflicting outcomes. These, however, are deficient methods of measuring abdominal morbidity. The sit-up primarily
tests one domain of muscle performance—strength. To better measure the impact on a patient's life, tests of strength,
endurance, and motor control should be included in the examination. The rectus abdominis test, also known as a sit-up, has
been shown to effectively assess the strength of rectus abdominis as well as all abdominal muscle sites.  With multiple
repetitions, the sit-up can also be used to test endurance.  The prone plank, side bridge, and trunk flexor tests have been
validated to assess core endurance, and they have become standard endurance tests established by McGill.  Finally, the
lower abdominal progression test is the current standard test of motor control due to its ability to recruit the core
stabilizers.

This study used quantifiable and reproducible measurements of abdominal muscle performance to compare pre- and
postoperative abdominal function measurements in patients undergoing TRAM and DIEP flap surgeries. If major differences
in the degree of loss of core muscle function were found between patients receiving TRAM and DIEP procedures, then this
information could help guide the choice of which procedure is best for individual patients. Also, certain patients with
particularly large losses of postsurgical abdominal muscle function could be identified for possible therapeutic interventions
for strengthening.

We hypothesized that assessing a patient's core muscle performance via a composite fitness test is a valuable means to
measure abdominal morbidity. The main objective of the study was to evaluate core muscle performance in DIEP and TRAM
flap patients.

Patients and Methods

This is a prospective, cohort study designed to measure core abdominal muscle strength using simple physical tests. This
tool will evaluate the potential loss of core abdominal muscle function in patients who have received abdominally based
autologous breast reconstruction.

All female patients over the age of 18 years seeking bilateral DIEP and bilateral pedicled TRAM flap-based reconstruction
between August 2017 and August 2018 from 2 of the surgical coinvestigators were considered for study enrollment.
Additionally, the included patients were those willing to remain for a longer appointment during the pre- and postsurgical
physical testing visits. Excluded from the study were patients who may have any comorbid conditions that would prevent
them from carrying out the presurgical physical tests, as determined by the study physicians. The determination of flap
choice of DIEP versus TRAM was mainly based on surgeon's technique preference for abdominal-based autologous
reconstruction, though patient factors were also considered.

The endpoints assessed in the study were abdominal core strength as evaluated by the rectus abdominus test; endurance
as evaluated by the prone plank, side bridge, and trunk flexor tests; and finally the lower abdominal progression test, which
was used to evaluate abdominal core motor control. Tests were conducted in clinic prior to surgery for the baseline test and
follow-up was conducted on postoperative visits. The study methods and design were approved by the Institutional Review
Boards.

In the rectus abdominis test, the patients started in a supine position with their legs extended (Figure 1A). The patient
performed trunk flexion with their arms crossed in front of them. A 5/5 was given when they were able to come up to sitting
from supine with their arms behind their head. If they could sit up completely, they were scored 4/5. If they were only able to
clear their shoulder blades, they were scored 3/5. If they could not lift their trunk, the arm position was modified to decrease
difficulty for a grade of 2/5. If they could not raise their trunk at all, they received a grade of 1 (palpable muscle contraction)
or 0 (no palpable muscle contraction). The resultant grade (0 to 5) was assigned for the test level at which the subject was
last able to successfully compete the testing motion.
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Figure 1. (A, top left) Rectus abdominis tests, (B, top right) prone plank, (C, bottom left) side bridge, and (D, bottom right) lower abdominal progression test.

For the prone plank test, the patient was positioned in prone and propped on their forearms (Figure 1B). The forearms were
spaced shoulder-width apart. The feet were maintained close together, though not touching. The patient then raised their
pelvis off the floor so that only the forearms and toes were in contact with the floor. The patient held this position, with
shoulders, hips, and ankles in a straight line, until fatigue or pain prevented preservation of the position. Time was recorded
in seconds.

In the side bridge tests, the patient laid on a mat on their side with legs extended (Figure 1C). The top foot was placed on
the ground in front of the lower foot. Using 1 forearm for support, the patient then rose off the ground and maintained a
straight line with their full body. The other arm was folded across the chest with the hand gripping the contralateral shoulder.
This position was maintained until fatigue or pain prevented preservation of the position. The patient then repeated the test
on the contralateral side. Time was recorded in seconds.

For the trunk flexor test, the patient sat on a test bench with the upper body inclined 60 degrees against a support with the
hips and knees flexed 90 degrees. The patient was asked to maintain their position while the support is removed. The test
was timed until the patient was no longer able to maintain the position. Finally, in the lower abdominal muscle progression
test, the patient started in a position of supine hook—lying with the knees bent to 90 degrees (Figure 1D). During each test
position, the patient contracted their abdominal muscles by pulling the navel toward the spine. The patient then performed
the lower extremity movement as indicated for each of the levels of the test, alternating each leg, then both legs until they
were unable to maintain a stable pelvis. The resultant modified grade of (0-5) was assigned for the test position at which the
subject was last able to maintain a stable pelvic position as determined by the evaluator. Successful completion of each level
and subsequent grading was determined by monitoring movement of the anterior superior iliac spine as a measure of pelvic
stability. Finally, the revision procedures and complications were compared.

Descriptive analyses were utilized for demographic characteristics, the abdominal test scores, and complications. Two-
sample t test, Fisher exact test, and Mann-Whitney U test were also performed to evaluate patient characteristics and study
results. Logistic regression was utilized to determine the odds ratio of complications, controlling for age, body mass index
(BMI; both preoperatively and postoperatively), and time for testing. The difference was determined to be significant if P ≤
.05.

Results

A total of 14 patients undergoing autologous breast reconstruction via TRAM or DIEP agreed to participate in the study. Two
of the participants underwent baseline testing but ultimately underwent latissimus dorsi flap with expander reconstruction.
They did not undergo follow-up testing and their data were excluded from the analysis. Additionally, 3 of the patients were
excluded as they only underwent unilateral reconstruction. The final analysis included a total of 9 patients. A total of 4
patients underwent TRAM flap reconstruction and 5 underwent DIEP flap reconstruction.

There were no significant differences in the baseline demographics between the patients undergoing TRAM and DIEP flap
reconstruction (Table 1). The mean age in DIEP flap group was 51 ± 4 years and 58 ± 7 years in TRAM flap group. The
mean preoperative BMI was 32.10 ± 4.55 kg/m  in DIEP flap group and 31.22 ± 2.57 kg/m  in TRAM flap group. There was
no significant difference in the test scores between DIEP and TRAM reconstruction (Table 2).
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There was also no significant difference in complications with 20% of patients in DIEP flap group with donor site wounds
requiring surgery and 0% in TRAM flap group (P = 1.00) (Table 2). Relative to TRAM flaps, DIEP flaps were not associated
with higher odds of having more complications, holding all other variables constant (adjusted P = .97) (Table 3). Tables 4
and 5 list the preoperative and postoperative scores in the various tests in each DIEP and TRAM group.
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DIEP flap rectus abdominis mean time decreased 0.60 seconds (P = .51), the prone plank test mean time increased by 1.38
seconds post-procedure (P = 1.00), side bridge test on right side decreased 32.15 seconds (P = .32), side bridge test on left
side decreased 44.57 seconds (P = .37), trunk flexor test increased by 1.67 seconds (P = .44), and there was no change in
the lower abdominal progression test (all patients scored a 5 before and after surgery) (Table 6).

With TRAM flap, the rectus abdominis mean time decreased 0.25 seconds from baseline (P = .51), prone plank mean
increased by 1.38 seconds (P = 1.00), side bridge test on right side increased 7.54 seconds (P = .32), side bridge test on left
side increased 2.14 seconds (P = .37), and finally, in the trunk flexor test, there was a decrease of 4.68 seconds (P = .44)
(Table 6). Similarly, there was no difference in the before and after testing of the lower abdominal progression test as all
patients scored a 5, before and after surgery.

Discussion

While the DIEP flap was described and is now becoming increasingly popular in breast reconstruction to reduce the rectus
abdominis harvest, it has been questioned whether the anatomical deficit would create functional deficits. In our study, we
attempted to evaluate not only the strength but endurance and motor control to assess how the other core stabilizers can
compensate for the rectus abdominis loss. We did not find a significant deficit in either TRAM or DIEP flap groups, even with
full incorporation of the muscle in the TRAM flap group.
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On the contrary, Dulin et al demonstrated significantly decreased abdominal strength after bilateral pedicled TRAM surgery,
and although there was shown to be a decrease in trunk flexion, which is one of the components we studied, they found that
the only activity which was significantly negatively influenced was getting out of bed.  This brings up an important point of
the function of rectus abdominis being trunk flexion and the potentially limited effect this has on day-to-day activities in most
patients. The effect of stabilization on the core and spine should also be considered given the importance of stability in daily
function and injury prevention, and its effect on low back pain. Hodges et al consistently showed the importance of
recruitment of transversus abdominus first, followed by the multifidus, obliques, and rectus abdominus.  Given that
multiple muscle recruitment is important in stabilization, it would bring up the question of whether abdominal exercise prior to
surgery can prevent donor site complications. One study explored this but found that at 1 year, there was no difference in
patients undergoing DIEP flap reconstruction who performed exercise prior to surgery compared with control subjects.  This
finding is limited in that the study did not explore the effect in patients undergoing TRAM flap reconstruction.

In line with the effect on patient's daily life, studies using questionnaires evaluating patients' perspective of loss of physical
abdominal function were assessed. Two such studies demonstrated that there was no patient-perceived effect on physical
abdominal function in patients undergoing muscle-sparing TRAM flap surgeries when compared with DIEP flap
surgeries.  However, this finding was not consistent, as another study showed that patients reported a decrease in
abdominal physical well-being in pedicled TRAM flap patients when compared with DIEP flaps. However, this was not seen
with DIEP versus muscle-sparing TRAM flap surgery. The same study also showed increased partial flap loss, fat necrosis,
and hernia/bulge in pedicled TRAM flaps.

All TRAM flaps in our study were reconstructed using onlay synthetic mesh. The use of mesh for reconstruction TRAM donor
sites has been shown to be effective in reducing hernia and bulge rates. Furthermore, it has shown to be cost-effective when
compared with primary closure given its clinical effectiveness.

Another important consideration is the potential utility of muscle-sparing TRAM. Bassiouny et al compared free muscle-
sparing TRAM with pedicled TRAM, finding increased hospital stay and blood loss in the muscle-sparing TRAM groups but
similar operative time and abdominal morbidity when compared with pedicled TRAM. Abdominal muscle strength was initially
decreased in the pedicled TRAM group, but it resolved in 3 months.  Serletti et al found similar complications, outcomes,
fitness, and abdominal strength in free TRAM flap group compared with pedicled TRAM group, with the only difference being
increased cost of the free TRAM.

The potential of muscle denervation during perforator dissection in DIEP flap harvest has also raised concerns. Occasionally,
a small portion of the muscle also needs to be harvested when the perforator runs transversely. Previous studies have
shown decreased abdominal muscle function with dissection of DIEP flap, with 1 prospective study demonstrating a
functional decrease in 17.1% of patients with high BMI and hypertension, increasing the odds of decreased function.  Two
of the patients undergoing DIEP flap reconstruction in our study did require a small portion of muscle to be incorporated in
the flap, but there was no significant difference in abdominal function in the DIEP flap groups despite the muscle harvest and
2 cases of deeper dissection.

It has been theorized that medial perforator harvest in DIEP flaps could potentially preserve the innervation since only the
segmental intercostal nerves would potentially be dissected around the lateral branch perforators during harvest.  Garvey
et al explored this and found that there was no difference in abdominal morbidity as it relates to bulge or hernia formation
when medial versus lateral row perforators were harvested, nor the number of perforators. Furthermore, there was no
difference in abdominal wall morbidity when comparing muscle-sparing TRAM and DIEP flaps. The only significant factor in
developing abdominal wall morbidity complications in that study was that of previous abdominal surgery.  Contrary to that
study, 2 other studies found harvesting medial perforators reduced the chance of abdominal bulge/hernia.  Abdominal
function as it relates to strength/endurance/motor control was not evaluated in these studies.

Lastly, although statistically insignificant, it is notable that there was an improved performance with bilateral bridge tests in
TRAM groups and in prone plank and trunk flexor tests in DIEP groups when compared with baseline. Although the reason is
unclear, it could possibly be attributed to familiarity with exercises during follow-up testing.

Limitations

A limitation of this study is that it is underpowered with a small sample size. This is a pilot study that will require a sample
size of 100 for a power at 80% and alpha at 0.05. Secondly, although we attempted to objectively grade and time the
exercises, the person administering the test could act as a confounder. The person analyzing also was not blinded, which
could skew the way the tests were administered or timed. Similarly, the error in testing could potentially act as a confounding
factor, as evidenced by high scoring in the lower abdominal progression test. Furthermore, the fact that the patients were
familiar with the exercises during the postoperative analysis could explain why there was no significant reduction in function,
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as well as why there was a small, although insignificant, increase in abdominal function in some patients. As this study
compared DIEP with pedicled TRAM performed by 2 different surgeons, future studies could look at comparing free TRAM
with DIEP flaps performed by 1 surgeon to minimize potential confounders.

Conclusions

This study found that there was not a significant difference between DIEP and TRAM flap reconstruction on abdominal donor
site morbidity. Therefore, determining which type of reconstruction to offer to patients can be dependent on the surgeon's
level of comfort with the type of technique and reconstruction as well as the discussion of the benefits and complications of
each procedure with patients. Presenting the current data to patients regarding the abdominal morbidity and its effect on
patients can aid in counseling and preoperative planning.
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