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Abstract

Background Abdominal surgery with bowel resection

through a midline or transverse incision is performed in

most cases of colorectal cancer (CRC). Both incisions

affect abdominal wall function and may lead to differences

in postoperative clinical outcomes. Although postoperative

isometric trunk flexion strength (ITFS) has previously been

investigated, the results were based on measurement tools

distinguished by poor reproducibility and validity.

Objective To evaluate the reproducibility of and varia-

tions in ITFS following abdominal surgery using a dyna-

mometer and explore the correlation between ITFS and the

scar length.

Method The study group consisted of 22 consecutive

patients (15 men and 7 women) referred for surgery. The

outcome parameters included ITFS which was measured

using a fixed dynamometer and a digital manometer, scar

length, weight and pain. Test–retest measurement (3 h

apart) of ITFS was taken 1 day before surgery to determine

the instruments’ reproducibility. Additional measurements

of the outcome parameters were taken 1 and 6 weeks

postoperatively.

Results Excellent test–retest correlations (ICC [ 0.85)

coupled with low standard error of the measurement for

both the ITFS and the manometric findings indicated

clinically acceptable reproducibility of the findings.

Significant pre- and postoperative differences in ITFS were

noted using both techniques. Six weeks postoperatively,

fair and significant correlations were noted between the

dynamometry-based ITFS and both the scar length

(r = 0.452) and age (r = 0.498). Of note, scar length and

preoperative dynamometric ITFS predicted ITFS 6 weeks

postoperatively (F = 102.949, p \ 0.001, R2 = 0.92).

Conclusions Measurements of ITFS using dynamometry

in elective CRC patients are reproducible, sensitive to

clinical changes and allow prediction of postoperative

ITFS scores based on their preoperative counterparts.

Keywords Colorectal cancer � Abdominal muscles �
Dynamometry � Maximal expiratory pressure

Introduction

One of the common surgical approaches for abdominal

cavity exploration in colorectal cancer (CRC) is a longi-

tudinal incision which stretches from the xiphoid to the

pubis [1]. This approach has a few short- and long-term

implications for the patient’s recovery reflected by a higher

rate of respiratory dysfunctions during the first week [2–6],

complications such as pulmonary collapse and pneumonia,

postoperative ventral hernia (POVH) [3, 7, 8] and weak-

ness of the abdominal wall muscles [9].

Compared to its transverse counterpart, the direction of

the longitudinal incision is perpendicular to fascia and

muscle fibers and consequently detrimentally affects

recovery of the previous. In a study of the biomechanical

properties of abdominal wall tissues in patients who

underwent abdominal surgery using longitudinal incision

versus matched healthy controls, a 30 % difference in favor

of the latter group’s ability to sustain loads was found. This
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finding indicates a possible connection between the

strength of abdominal wall tissues and POVH etiology

[10]. Since recovery of aponeurotic tissue may last

200–300 days [11], incision of the linea alba may have a

direct effect on abdominal muscle function [12].

Quantitative determination of abdominal muscle

strength has been reported in previous studies using

manometry- and strength-based measurements. Regarding

manometry, this non-invasive technique for assessing

abdominal muscles strength and monitoring changes has

been applied in several medical conditions [13–15].

However, it should be emphasized that manometric mea-

surements are predominantly intended to assess the expi-

ration pressure and therefore their use for indicating the

strength of the abdominals is problematic, at best. Signif-

icantly, the manometric results relate also to the integrity of

the thorax and the diaphragm. Furthermore, comparison to

invasive manometry, the standard in this domain revealed

95 % sensitivity but only 72 % specificity, indicating that

the previous is not free of pitfalls in terms of diagnostic

accuracy [16].

The use of dynamometry for assessing either the static

(isometric) or the dynamic (invariably the isokinetic)

strength is well indicated in case of muscular insufficiency

[17]. Dynamometric measurements are distinguished by

the fact that the device measures the combined force that a

group of muscles exert against the force (or moment)

sensor in a given direction and not the force output of an

individual muscle within that group. Thus, in the case of

trunk flexion weakness, the full scope of the compromise to

the rectus abdominis cannot be estimated as it might be

partly masked by other muscles such as the external and

internal oblique that act as synergists in this movement.

Dynamometric measurements of trunk muscles have

invariably been reported in the context of normal subjects

or patients impaired with chronic low back disorder [18–

21]. The only study applying strength measurement to

patients impaired with abdominal wall dysfunction

described the use of isokinetic dynamometry in assessing

incisional hernia outcome [22]. We are unaware of any

previous study relating to patients following surgery for

CRC. Consequently, we undertook to assess ITFS using a

method which was previously applied in normal subjects

[23]. However, a reproducibility (test–retest) study of iso-

metric measurements of the trunk flexors, required in order

to establish whether a recorded difference in muscular

strength is within the error of measurement or reflective of

a true clinically meaningful change, has, to the best of our

knowledge, not been carried out.

Therefore the main objectives of this study were (1) to

determine the intra-tester reproducibility of isometric trunk

flexion strength, using a wall-mounted dynamometer, in

CRC patients at the preoperative stage, (2) to examine the

effect of longitudinal incision on the ITFS in these patients

and (3) to explore a possible relationship between the

length of the surgical scar and the ITFS in this patient

group.

Method

Patients

Twenty-six consecutive patients with CRC (8 women and

18 men) were initially recruited for the study. Eventually, 2

patients were not available for the full series of tests, while

another 2 had to start chemotherapy and hence the final

study group consisted of 22 CRC patients: 7 women with

mean age and weight of 62.6 ± 9.7 years and

78.9 ± 15.7 kg, respectively, and 15 men with mean age

and weight of 63.6 ± 9.8 years and 78.3 ± 11.9 kg,

respectively. There were two main reasons for choosing

CRC patients for this study. First, most of the elective

patients undergoing laparotomy in our department are

diagnosed with CRC. Second, maintenance of uniformity

in terms of pre- and post-op procedures, that is, fasting

days, time with/out nasal gastric tube, hospitalization per-

iod, degree of mobility after the operation and return to

daily activity, could be much better realized.

All patients underwent elective abdominal surgery using

a longitudinal incision. A uniform protocol for stitching

consisted of non-absorbable stitch, nylon loop 1 and Vicryl

‘‘0’’ single sutures every 2–3 cm.

The inclusion criteria included age ([18), a diagnosis of

CRC, elective abdominal surgery using longitudinal inci-

sion, no other substantial medical history, no previous

abdominal surgery and no steroid therapy during a period

of 6 months prior to the operation. During their hospital-

ization and 6 weeks following the operation, patients have

received all necessary treatments including physiotherapy

but were not allowed to use abdominal belt or be involved

in any strenuous exercise except walking. All operations

were performed in Department of Surgery A, Assaf Har-

ofeh Medical Center. The study was approved by the local

IRB, and all patients signed an informed consent.

Instrumentation

For measuring abdominal muscle strength, we used a

custom-made wall-mounted dynamometer (WMD) and a

digital manometer (Micro RPM, Micro Medical Limited,

UK). The WMD (Fig. 1) consisted of a compressive load

cell (Vishay Israel) capable of measuring up to 30 kgf

(kilogram-force) with a linearity of better than 0.5 % and

associated electronics (amplifier, digital display), a plastic

housing, a telescopic rod enabling adjustment to the
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individual patient’s anthropometry and a holding frame

(not shown in the illustration). The WMD displays the peak

force developed during a maximal isometric contraction

lasting 3–5 s. Its reproducibility validity is well established

in normal subjects [24, 25] and select patient groups [26,

27]. The digital manometer measures the static pressure

developed in the mouth cavity during maximal expiration

following strong inspiration (total lung capacity). The

expiration pressure is highly correlated with abdominal

muscle strength [28]. The unit of measurement is cm H2O

(0–300 cm) with an accuracy of ±3 %. The reproducibility

and validity are well established in normal subjects [14, 16,

29] and select patient groups [15]. A digital caliper and

digital weight were used to measure the scar length and

bodyweight, respectively.

Procedure

All measurements were performed by a single, experienced

physical therapist. All patients were measured 4 times:

twice during the same day with a 3-h break a day before the

operation, and 1 and 6 weeks following the operation. We

decided to limit the post-op testing period to 6 weeks since

at this point in time most participants started chemother-

apy, which could affect study findings. Furthermore, the

post-op course in the vast majority of CRC patients is

without specific complications and largely unremarkable

enabling a repeat (6w) examination without substantial

drop-out rate.

The pre-op measurements were used to examine the

reproducibility and determine the measurement error and

included in addition to measuring ITFS, elbow extension

strength (EES), weight and manometry. A week following

the operation, measurements included weight, manometry

and scar length, whereas at the final assessment (6 weeks

post-op), ITFS, EES, weight and manometry were recor-

ded. Each patient was familiarized with the test instrument

prior to the criterion measurement.

The manometric measurement was performed with the

patient seated. The results of individual 3 trials, 1 min

apart, were recorded. Verbal encouragement was given

during the test [13]. Dynamometry was performed with the

patient seated in a well-standardized position: feet flat on

the floor, knees at 90�, pelvis at neutral rotation and the

trunk as erect as possible. Stabilization of the thighs and

pelvis was enhanced by straps connected to the seat. Using

the height and distance adjustments, the load cell was

brought to touch against the xiphoid process. The patient

was then asked to push against the load cell as forcefully as

possible for up to 5 s without loosing contact between the

feet and the floor or using the Valsalva maneuver. The

results of 3 individual trials, 1 min apart, were recorded.

The objective of measuring EES was to ensure that the

operation did not cause a general change of muscular

strength, that is, that the adverse effect on trunk flexion

strength could be attributed solely to the intervention.

Measurement was limited to the dominant (writing) side

and performed while the patient was lying prone with the

arm and elbow abducted and flexed, respectively, at 90�
and forearm in the neutral position (no pronation or supi-

nation). The load cell was then positioned against the

styloid process. The patient was asked to push against the

load cell as forcefully as possible for up to 5 s without

losing contact with the bed. The results of 3 individual

trials, 60 s apart, were recorded.

Data processing

We used SPSS version 16.0 for the statistical analysis.

Correlation coefficients (Pearson’s r and ICC) were com-

puted for the paired t tests (pre- and post-op) and deter-

mination of the standard error of measurement (SEM), the

latter being derived from the formula: SEM = SD*H(1-

ICC), where SD is the standard deviation of the scores in

test 1 and test 2. The cutoff score for indicating a true

clinical change at the individual level was defined as the

smallest real difference: SRD = 2.77*SEM. Bland–Alt-

man plots were used for the examination of test–retest bias,

whereas the effect size was employed to assess the WMD

and manometry-based changes. A stepwise regression was

used for predicting ITFS from scar length.

Results

There were no significant inter-gender differences in terms

of either age or weight. Table 1 presents the test–retest

correlation coefficients, SEM and SRD for the functional

Fig. 1 Set-up of the wall-mounted dynamometer for ITFS

measurements
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parameters. As evident from the table, in order to establish

a true individual clinical change at 95 % level of confi-

dence, the cutoff values of the relevant outcome parame-

ters, ITFS and MEP, were 5.01 kgf and 27.53 cm-H2O in

men and 3.67 kgf and 27.8 cm-H2O in women, respec-

tively. The mean length of the scar was shorter in men

(18.9 ± 6.0 cm) than in women (23.4 ± 7.0) but not sig-

nificantly (p = 0.133).

Table 2 outlines the post- versus pre-operative values of

the functional parameters according to gender. As expec-

ted, men were significantly stronger than women on all 3

measures (ITFS, MEP and EES) at all test sessions save

MEP at 1w, where men displayed a massive decrease in the

expiratory pressure. In terms of the pre- and post-differ-

ences, weight did not change at either 1 or 6 weeks post-op

and neither did the EES. In men, there was a significant

reduction in both ITFS (at 6w) and MEP (at 1w) relative to

the baseline, but at 6w, the baseline level MEP scores were

on average regained. Significantly, at 6w post-op, there

were 4 patients (2 women and 2 men) whose MEP was less

than the baseline score—SRD, whereas the ITFS was

associated with twice as many patients (3 women and 5

men), making up more than one-third of the study group.

A correlational analysis revealed a moderate relation-

ship between age and the pre- and postoperative difference

in ITFS (r = 0.50, p = 0.018), and between scar length

and post-op ITFS (r = 0.452, p = 0.035). There were

fairly strong correlations between the pre- and postopera-

tive values of MEP and ITFS: r = 0.70, p \ 0.001 and

r = 0.748, p \ 0.001, respectively. There was also a

moderate, r = -0.493, but significant (p = 0.025) rela-

tionship between the difference (pre-op-1w post-op.) in

MEP and the difference in ITFS (pre-op-6w post-op.).

A stepwise regression for the prediction of ITFS from

the other parameters yielded a highly significant relation-

ship (F = 102.949, p \ 0.001) with R2 = 0.92. The fol-

lowing formula was thus derived: ŷ = 5.3 ? 0.87 *mean

ITFS before surgery-0.27*scar length, where ŷ is the

predicted value of ITFS at 6w. Noteworthy, the preopera-

tive weight, MEP and EES had no effect on the final ITFS.

A parallel model for predicting MEP at 6 weeks was of the

form: ŷ = 27.48 ? 0.28 *mean MEP before surgery with a

substantially lower R2 (0.36). Scar length was not indicated

as a factor.

Discussion

The main findings of this paper reveal that compared to its

MEP counterpart, isometric assessment of trunk flexion

exposes in a more accurate manner the residual weakness

of the trunk flexors in patients with CRC 6 weeks after the

operation while incorporating the effect of scar length on

the postoperative ITFS score. These findings and other

factors beg further elaboration.

With respect to the manometric measurements, as indi-

cated in Table 1, the test–retest study yielded very high

correlations. However, due to relatively high standard

Table 1 ICC, SEM and SRD values for the preoperative tests

(n = 26)

Parameters Gender ICC* SEM SRD

TFIS (kgf) M 0.894 1.81 5.01

W 0.881 1.33 3.67

EES (kgf) M 0.928 1.66 4.60

W 0.921 1.38 3.83

MEP (cm H2O) M 0.935 9.94 27.53

W 0.957 7.51 20.80

SEM standard error of measurement, SRD smallest real difference—in

the units of the outcome parameter, ITFS isometric trunk flexion

isometric strength, EES elbow extension strength, MEP maximal

expiratory pressure

* The p for all ICC values \0.001

Table 2 Pre- and postoperative scores of the outcome parameters

Outcome

parameters

Women Men P values of gender

differences within session

Diff (pre-

post) [ SRD

ITFS (po) 20.4 ± 4.6 35.0 ± 9.1 p \ 0.001 –

ITFS (6w) 16.8 ± 2.9—NS 31.5 ± 9.4* p \ 0.001 3w, 5m

(Deterioration)

MEP (po) 84.3 ± 33.3 115.4 ± 36.0 p = 0.017 –

MEP (1w) 60.3 ± 17.0* 56.3 ± 16.8** NS 15/17 m, 3/7w

MEP (6w) 70.0 ± 28.3—NS compared to pre.o. 110.0 ± 30.7—NS compared to pre.o. p = 0.009 2w, 2m

(Deterioration)

EES (po) 21.4 ± 4.3 28.1 ± 5.9 p = 0.004 –

EES (6w) 18.2 ± 3.6—NS 29.2 ± 7.0—NS p = 0.004 –

po preoperative, w women, m men, NS not significant

* p \ 0.05; ** p \ 0.01 significance of difference within gender between test sessions
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deviations, the resulting SRDs were comparatively large,

around 25 % of the mean value. Obviously, a much bigger

sample could improve these scores. In terms of the absolute

MEP scores (Table 2), the preoperative mean manometric

values were 30–40 % lower than those found in normal

subjects of the same age group [14]. This indicates a

general lower motor capacity in these patients due probably

to disuse of the muscles but may also be related to lung

compliance. On the other hand, the difference between

women and men—35 % in favor of the latter—is well in

line with previous studies [14] and the general gender

difference in strength [23].

As for the observed change scores, there was a signifi-

cant decrease in MEP values after 1w with men suffering a

massive 50 % reduction versus 30 % in women. This inter-

gender difference was not statistically significant. Based on

the SRD, this change was even more impressive: while

15/17 of the men have demonstrated true clinical deterio-

ration, such an effect was apparent in only 3/7 of the

women. However, at 6w postoperatively, the straightfor-

ward pre- and post-statistical analysis revealed that both

women and men patient groups have largely regained their

manometric scores together with restitution of the differ-

ence between genders. Nonetheless, using the SRD-based

approach revealed that two women and two men were still

suffering from significantly reduced MEP. It should be

mentioned that the so-called relative SRD (SRD/mean pre-

op value of MEP) was 25 and 24 % in women and men,

respectively.

The difference between men and women, in terms of

SRD, 1w post-op is a challenging issue. Whereas the mean

reduction was 50 versus 30 % (men, women) and non-

significant, the proportion of men presenting with MEP

values less than mean-SRD is about 90 % in men versus

approximately 40 % in women. Undoubtedly, the sample

size is a factor. Furthermore, there may have been inter-

vening factors like duration of anesthesia and of applica-

tion of gastronasal tube or location of the scar in relation to

the diaphragm, could contribute to the apparent difference

between men and women but none of these factors have

been monitored. On the other hand, if these were evenly

applicable for both genders, our impression is that this

difference has more to do with submaximal performance

among men during the test at 1w following the operation

driven probably by apprehension. This point requires fur-

ther study. Of some significance is the finding that 6w after

the operation, 4 patients (2 women and 2 men) were still

presenting with a serious SRD-based MEP deficiency. This

point will be discussed in the context of the ITFS. Inter-

estingly, the two male patients had the highest pre-op MEP

scores and therefore at 6w may have not regained the pre-

op values. The same may apply to the female patients

though both were of average performance.

The ITFS presents a different picture compared with that

of the MEP with the qualification that this measurement

was applied postoperatively only at 6w. Regarding the

protocol, in the present study, testing was performed while

the patient was seated ensuring that feet and thigh position

and stabilization remain uniform.

Measurement of the abdominal strength may be per-

formed in sitting or in supine lying positions [17, 18, 22].

The findings of the reproducibility testing performed in

supine lying position were especially low with ICC and

SEM of 0.25 and 60 N, respectively [18]. Furthermore,

given the fragility of the scar tissue, for a period of

2–3 months, patients undergoing abdominal surgery are

instructed to avoid situations which are associated with

elevated intra-abdominal pressure. As a result, we decided

to measure the strength in sitting, as this position is asso-

ciated with better patient stabilization, lesser apprehension

and lower potential risk.

As evidenced by the findings, the significant inter-gen-

der differences in ITFS were 43 and 47 % in favor of the

male patients, pre- and postoperatively indicating an

almost identical recovery in strength. This further validates

this measurement approach. Furthermore, similar to pre-

vious findings [6], age was a factor in ITFS namely older

patients experienced a more severe weakness after the

operation (r = 0.498, p = 0.018).

In order to determine the severity of trunk flexion

weakness 6w following the operation, we used not only the

relative reduction in strength but compared the post-op

findings to those at baseline using the individual SRD [30].

In this context, it should be mentioned that the SRD is

affected by both the test–retest correlation and the standard

deviation of the scores, and consequently, the smaller the

sample giving rise to the SEM (or SRD) the larger is the

SRD. Thus, if following an intervention, a given parameter

differs by *3SEM relative to the baseline score; then, by

definition, the difference is outside the ‘error belt’ and can

confidently be considered as representing clinically mean-

ingful change, either improvement or deterioration. Of

note, the relative SRD in this case was 17 and 14 % in

women and men, respectively.

With respect to the SRD-based analysis, there were 8

patients, 3 women and 5 men who still presented with

meaningful ITFS impairment at the 6w test session. This

should be compared with only 4 patients (2 and 2) who

were judged as presenting with meaningful expiratory

deficiency at the same period. How should this gap be

explained? One argument would base the difference on the

relative SRD scores. Since the ITFS-related SRDs were

lower than their MEP-related counterparts, the likelihood

of classifying a score as indicative of meaningful deficit is

higher for the ITFS. However, we suggest that an even

more compelling argument is that the MEP is not as
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sensitive an indicator as the ITFS for assessing trunk

flexion weakness in this patient cohort. Although, as shown

by the correlational analysis, ITFS and MEP were better

than moderately correlated, their respective pre- and post-

differences were in fact negative and therefore these out-

come measures are not inter-changeable.

Equally of importance regarding the above contention is

the significance of the regression model. The postoperative

value of ITFS could be very well predicted by the preop-

erative ITFS score in conjunction with the scar length. A

parallel model relating to the MEP failed to reach com-

parable predictive efficiency while excluding the possible

effect scar length may have on the outcome measure. In

this respect, it is worth emphasizing that scar length was

measured externally while the effective the length of the

fascial incision may be shorter or longer. Thus, a limitation

of the study may be the expected error in reflecting the

effect the scar has on the acting muscles. However, the

surgical technique used in our department does not result in

length differences of more than 1 cm, and therefore this

error may be of limited, if any, clinical significance.

Another limitation of this study was a relatively small

cohort. Notwithstanding, the reproducibility of the out-

come measures was clinically acceptable and there was

also a clinically meaningful change in 8 of the patients, a

finding that has rarely been previously reported.

Additionally, all our patients have undergone longitu-

dinal incision, although there is evidence supporting

transverse incision-based laparotomy. Therefore, we could

not compare the findings between these two surgical

approaches.

In this study, the clinical significance of the reduction in

abdominal muscles strength 6w post-op was not examined.

Consequently, given the present findings, POVH cannot be

predicted from ITFS. However, in light of the study, we

intend to invite all surviving patients for an examination,

2 years post-op, which will include clinical examination, as

well as measurement of ITFS and weight.

In conclusion, abdominal surgery through vertical mid-

line incision causes a selective weakness of abdominal

muscles. ITFS measurements in patients undergoing elec-

tive colorectal surgery have proven to be both reproducible

and sensitive to the resulting weakness at 6w postopera-

tively. Furthermore, preoperative ITFS with scar length

may predict the postoperative ITFS score.
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3. Lindgren PG, Nordgren SR, Öreslend T, Hulten L (2001) Midline

or transverse abdominal incision for right-sided colon cancer—a

randomized trial. Colorectal Dis 3:46–50

4. Seiler CM, Deckert A, Diener MK, Knaebel HP, Weigand MA,

Victor N, Buchler MW (2009) Midline versus transverse incision

in major abdominal surgery—a randomized, double blind

equivalence trial. Ann Surg 249:913–920

5. Siafakas NM, Mitrouska I, Bouros D, Georgopoulos D (1999)

Surgery and the respiratory muscles. Thorax 54:458–465

6. Watters JM, Clancey SM, Moulton SB, Briere KM, Zhu JM

(1993) Impaired recovery of strength in older patients after major

abdominal surgery. Ann Surg 218:380–393

7. Grantcharov TP, Rosenberg J (2001) Vertical compared with

transverse incisions in abdominal surgery. Eur J Surg 167:

260–267

8. Halm JA, Lip H, Schmitz PI, Jeekel J (2009) Incisional hernia

after upper abdominal surgery: a randomized controlled trial of

midline versus transverse incision. Hernia 13:275–280

9. DuBay DA, Choi W, Urbanchek MG, Wang X, Adamson B,

Dennis RG, Kuzon WM, Franz MG (2007) Incisional herniation

induces decreased abdominal wall compliance via oblique muscle

atrophy and fibrosis. Ann Surg 245:140–146

10. Hollinsky C, Sandberg S (2007) Measurement of tensile strength

of the ventral abdominal wall in comparison with scar tissue. Clin

Biomech 22:88–92

11. Douglas DM (1952) The healing of aponeurotic incisions. Br J

Surg 40:79–84

12. Finni T (2006) Structural and functional features of human

muscle-tendon unit. Scand J Med Sci Sports 16:147–158

13. McConnell AK, Copestake AJ (1999) Maximum static respira-

tory pressures in healthy elderly men and women: issues of

reproducibility and interpretation. Respiration 66:251–258

14. Enright PL, Kronmal RA, Manolio TA, Schenker MB, Hyatt RE

(1994) Respiratory muscle strength in the elderly. Correlates and

reference values. Cardiovascular health study research group. Am

J Respir Crit Care Med 149:430–438

15. Smeltzer SC, Lavietes MH (1999) Reliability of maximal respi-

ratory pressures in multiple sclerosis. Chest 115:1546–1552

16. Man WDC, Kyroussis D, Fleming TA, Chetta A, Harraf F,

Mustfa N, Rafferty GF, Polkey MI, Moxham J (2003) Cough

gastric pressure and maximum expiratory mouth pressure in

humans. Am J Respir Crit Care Med 168:714–717

17. Dvir Z (2004) Isokinetics: muscle testing, interpretation and

clinical applications, 2nd edn. Elsevier-Churchill Livingstone,

Edinburgh

18. Moreland J, Finch E, Stratford P, Balsor B, Gill C (1997) Inter-

rater reliability of six tests of trunk muscle function and endur-

ance. JOSPT 26:200–208

19. Shrier I, Feldman D, Klvana J, Rossingnol M, Abenhaim L

(2003) Comparison between tests of fatigue and force for trunk

flexion. Spine 28:1373–1378

20. Helewa A, Goldsmith CH, Smythe HA (1993) Measuring

abdominal muscle weakness in patients with low back pain and

matched controls: a comparison of 3 devices. J Rheumatol

20:1539–1542

21. Ladeira CE, Hess LW, Galin BM, Fradera S, Harkness MA

(2005) Validation of an abdominal muscle strength test with

dynamometry. J Strength Cond Res 19:925–930

22. den Hartog D, Elker HH, Tuinebreijer WE, Kleinrensink GJ,

Stam HJ, Lange JF (2010) Isokinetic strength of the trunk flexor

muscles after surgical repair for incisional hernia. Hernia

14:243–247

23. Amundsen LR (1990) Muscle strength testing: instrumented and

non-instrumented systems. Churchill Livingstone, Edinburgh

24. Bohannon RW (1990) Hand-held compared with isokinetic

dynamometry for measurement of static knee extension torque

492 Hernia (2014) 18:487–493

123



(parallel reliability of dynamometers). Clin Phys Physiol Meas

11:217–222

25. Kolber MJ, Cleland JA (2005) Strength testing using hand-held

dynamometry. Phys Ther Rev 10:99–112

26. Wang CY, Olson SL, Protas EJ (2002) Test-retest strength reli-

ability: hand-held dynamometry in community-dwelling elderly

fallers. Arch Phys Med Rehabil 83:811–815

27. Brinkmann JR (1994) Comparison of a hand-held and fixed

dynamometer in measuring strength of patients with neuromus-

cular disease. J Orthop Sports Phys Ther 19:100–104

28. American Thoracic Society/European Respiratory Society (2002)

ATS/ERS statement on respiratory muscle testing. Am J Respir

Crit Care Med 166:518–624

29. De Torres JP, Talamo C, Aguirre-Jaime A, Rassulo J, Celli B

(2003) Electromyographic validation of the mouth pressure-time

index: a noninvasive assessment of inspiratory muscle load.

Respir Med 97:1006–1013

30. Beckerman H, Roebroeck ME, Lankhorst GJ, Becher JG, Bez-

emer PD, Verbeek AL (2001) Smallest real difference, a link

between reproducibility and responsiveness. Qual Life Res

10:571–578

Hernia (2014) 18:487–493 493

123


	Effects of abdominal surgery through a midline incision on postoperative trunk flexion strength in patients with colorectal cancer
	Abstract
	Background
	Objective
	Method
	Results
	Conclusions

	Introduction
	Method
	Patients
	Instrumentation
	Procedure
	Data processing

	Results
	Discussion
	References


