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OBJECTIVE: To determine the effects of a postoperative early isolated lumbar exten-
sion muscle-strengthening program on pain, disability, return to work, and power of
back muscle after operation for herniated lumbar disc.
METHODS: Seventy-five patients were randomized into an exercise group (20 men, 15
women) and a control group (18 men, 22 women) to perform a prospective controlled
trial of a lumbar extension exercise program in patients who underwent lumbar
microdiscectomy or percutaneous endoscopic discectomy. Six weeks after surgery,
patients in the exercise group undertook a 12-week lumbar extension exercise pro-
gram. The assessment included measures of lumbar extensor power by the MedX
(Ocala, FL) lumbar extension machine, muscle mass of multifidus and longissimus
(L4–L5 cross-sectional area) by computed tomography. All patients completed the
visual analog scale and the Oswestry disability index to assess pain and disability,
respectively. Return to work data were also investigated.
RESULTS: After the exercise program, significant improvements were observed in the
exercise group versus the control group for lumbar extensor power (51.67% versus
17.55%, respectively; P � 0.05), the cross-sectional area of multifidus and longissimus
muscle (29.23% versus 7.2%, respectively; P � 0.05), and the visual analog scale
score (2.51 versus 4.30, respectively; P � 0.05). The percentages of returning to work
within 4 months after surgery were significantly greater in the exercise group than in
the control group (87% versus 24%, respectively). Although this was not statistically
significant (P � 0.05), the Oswestry disability index scores in the exercise group were
better than that in control group (24.6 versus 30.6, respectively).
CONCLUSION: These results support the positive effects of the postoperative early
lumbar extension muscle-strengthening program on pain, return to work, and strength
of back muscles in patients after operation of herniated lumbar disc.

KEY WORDS: Computed tomography cross-sectional area of multifidus and longissimus, Lumbar disc
herniation, Lumbar extensor muscle exercises, Lumbar extensor muscle power
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Lumbar discectomy for prolapsed intervertebral disc is
one of the most dramatic operations with gratifying re-
sults. With the progress made by science in the patho-

physiology of disc herniations and imaging technologies and
also the availability of various new treatment methods, the
management of prolapsed intervertebral disc has been revo-
lutionized. Still with so many new developments, the outcome
of operations for disc herniations has not been 100%, and
many patients still do not have satisfactory outcomes and
continue to have some persisting symptoms. Approximately
80% of the patients return to work 12 months after surgery

(34), whereas the remaining 20% do not. The reasons are
varied and include the selection of patients, psychosocial as-
pects, and the variability in the spectrum of degenerative disc
disease. But postoperative rehabilitation also has a consider-
able influence on the surgical results. A lumbar extension
exercise program can be beneficial for strengthening the lum-
bar extensors and thus may improve the outcome in such
patients. The objective of this study was to determine the
effects of a lumbar extension exercise program on pain, dis-
ability, return to work, and power of the back muscle after
lumbar discectomy. This is the first such study to provide
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objective, quantitative data and analysis of lumbar extensor
muscle mass and power with or without an isolated extensor
exercise program in patients undergoing lumbar discectomy.

PATIENTS AND METHODS

In this prospective study, we examined 75 patients who had
undergone discectomy between March 2002 and August 2002
at the Wooridul Spine Hospital, Seoul, Korea. The inclusion
criteria were: 1) unilateral radiating leg pain with or without
back pain not responding to conservative treatment methods
and having a good radiological correlation; 2) first-time lum-
bar spine operation; 3) single-level disc herniation; and 4)
absence of associated systemic diseases such as cardiac ail-
ments or orthopedic contraindications for subsequent exercise
program. Patients were randomized into two groups, a control
group and an exercise group.

Among the 80 patients enrolled initially, exercise group
consisted of 40 patients (23 men and 18 women), whereas the
control group included 40 patients (18 men and 22 women).
Among the exercise group, five patients dropped out. Two of
them experienced increased pain, whereas the other three
cited personal reasons. These five thus were excluded from the
analyses.

All patients underwent a computed tomographic (CT) scan
of the lumbar spine before operation to quantify the cross-
sectional area of the longissimus and multifidus muscles at the
upper endplate of the L4 vertebra. The CT scan measurements
were taken by an independent observer using a software
PiView program (Infinitt Co., Ltd., Seoul, Korea; Fig. 1). The
axial slice of the lumbar spine was enlarged and the cursor
identified the area of the multifidus and longissimus muscle.
The software then calculated the area identified. Visual analog
score (VAS) measurements for pain as well as the Oswestry
Disability Index (ODI) were noted for all participants.

On discharge, all patients were given advice on maintaining
proper posture and avoiding strenuous activities. Handouts
also were given instructing them about basic lumbar condi-
tioning exercises to be performed at home after the second
postoperative week. The initial postoperative protocol was
common until the sixth postoperative week.

At the end of the sixth postoperative week, all patients
underwent measurement of the isometric strength of the ex-
tensor muscles of the lumbar spine using the MedX (Ocala,
FL) system. This marked the baseline measurement. The mea-
surements were obtained at various angles of lumbar flexion
from 0 to 72 degrees. The maximal voluntary effort applied
was calculated and was quantified by the machine as the
torque generated (Fig. 2).

After the sixth postoperative week, the control group con-
tinued with the home-based basic lumbar conditioning exer-
cises. The exercise group started with the intensive schedule
with a defined set of exercises for extensor muscle strength-
ening for the next 12 weeks. It was a supervised and graded
program that also included aerobic and limb-strengthening
exercises. The exercises included both dynamic and isometric
exercises for the lumbar extensors. This exercise program used
the MedX system, which by restricting the hip and pelvic
motion using restraints, isolates the lumbar extensor muscles.
Also, progressive resistance exercises can be given by increas-
ing the weight.

At the end of the 12-week program (eighteenth postopera-
tive week), all patients, including the control group, again
underwent CT scanning of the lumbar spine for cross-
sectional area measurements of the longissimus and the mul-
tifidus, in addition to the strength of the erector spinae being
calculated by the MedX system. The VAS for pain and the ODI
also were noted. The patients were then followed up to assess
their return to work. At the end of 1 year, all patients were
evaluated for pain by VAS.

FIGURE 1. Cross-sectional area measurement of the longissimus and
multifidus muscles using a CT scan at the upper endplate of the L4–L5
body.

FIGURE 2. Illustration showing the position for measurement of isomet-
ric strength of lumbar extensor muscles at various angles of lumbar flex-
ion using the MedX lumbar extension system (Ocala, FL).
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Statistical Analysis

The means and standard deviations in both the exercise and
control groups were calculated, and the difference for each
group was compared. Also, the result including change (%)
between, before and after the 12-week exercise program, was
analyzed. Statistical analysis was performed using an inde-
pendent and paired t test, and all P values less than 0.05 were
determined to be statistically significant.

RESULTS

General Characteristics of the Exercise and Control
Groups

Seventy-five patients were divided randomly into the exer-
cise (20 men, 15 women) and control groups (18 men, 22
women). The mean age of all the patients was 46.09 years
(exercise group, 51.05 � 9.58 yr; control group, 42.02 � 17.06
yr), the mean height of all patients was 165.44 cm (exercise
group, 164.95 � 8.95 cm; control group, 165.34 � 7.30 cm), and
the mean weight of all patients was 65.84 kg (exercise group,
63.62 � 8.20 kg; control group, 67.62 � 12.34 kg; Table 1).

Comparison of Lumbar
Extensor Power Between
Exercise and Control
Groups

The lumbar extensor
power in both groups im-
proved at the end of eigh-
teenth postoperative week.
The improvement in the ex-
ercise group was statistically

significant compared with the control group (0–48 degree of
angle, P � 0.01; 60 degree, P � 0.05). However, there was no
statistically significant difference between two groups when
tested at 72 degrees of lumbar flexion (P � 0.05).

The mean lumbar extensor power at seven different angles
in the exercise and control groups improved by 51.67% and
17.55%, respectively, compared with the preoperative data.
After a 12-week lumbar extension exercise program, the mean
extensor power in the exercise group (162.57 � 43.20) was
higher by 34.12% than that of control group (134.14 � 47.79),
and this result was statistically significant (P � 0.01; P � 0.05).
Therefore, these results support idea that the lumbar extension
exercise program leads to obvious improvement in the lumbar
extensor power (Table 2).

Cross-sectional Area of Muscle Mass of Erector Spinalis

According to the change of cross-sectional area of longissi-
mus and multifidus muscle mass in each group after a 12-
week lumbar extension exercise program, the cross-sectional
area in the exercise group (mean, 4197.89 � 980.39 mm2) was
shown to be higher by 20.55% compared with that of the
control group (mean, 3555.20 � 721.89 mm2; P � 0.05). This

TABLE 1. Characteristics of the exercise and control groupsa

Group n Age (yr) Height (cm) Weight (kg)

Exercise 35 (M, 20; F, 15) 51.05 � 9.58 164.95 � 8.05 63.62 � 8.20

Control 40 (M, 18; F, 22) 42.02 � 17.06 165.34 � 7.30 67.62 � 12.34

aM, male; F, female. Data are presented as mean � standard deviation.

TABLE 2. Mean lumbar extensor power at seven different angles in the exercise and control groups

Group Angle

Weeks

Mean Improvement (%)0a 12a 24a 36a 48a 60b 72

Exercise

Before
test

65.96
�

31.82

83.48
�

21.03

95.68
�

22.32

111.20
�

23.08

118.00
�

28.47

130.65
�

30.67

145.30
�

38.45

107.18
�

27.98

51.67

After
test

108.31
�

29.32

130.40
�

31.38

149.22
�

40.92

166.25
�

39.89

186.11
�

46.59

195.94
�

60.57

201.74
�

53.73

162.57
�

43.20

Control

Before
test

74.85
�

34.68

94.90
�

36.42

105.87
�

37.15

115.70
�

38.17

124.65
�

37.23

130.92
�

37.53

151.89
�

39.64

114.11
�

37.28

17.55

After
test

78.05
�

40.83

106.82
�

39.27

125.00
�

41.92

139.05
�

47.40

148.36
�

48.97

161.54
�

63.16

180.16
�

53.00

134.14
�

47.79

aP � 0.01. bP � 0.05.
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fact establishes that extension exercise can result in hypertro-
phy of erector spinalis (Table 3).

VAS

VAS was largely decreased in both the exercise and control
group after 12 weeks of extension exercise. Because the de-
creased VAS in the exercise group was significantly larger
than that of the control group (P � 0.05), the extension exercise
program is one of the factors that influences postoperative
pain relief. When assessed at the end of 1 year, the pain levels
in both the control and exercise groups were comparable, with
no statistically significant difference (Fig. 3).

ODI Score

Although there was no statistically significant difference in
ODI scores between the exercise and control group (24.6 and
30.6, respectively; P � 0.05), in both the groups, the postop-
erative ODI scores were improved compared with preopera-
tive ODI scores (Fig. 4).

Return to Work

In both groups, more than 92% of patients could return to
work within 6 months after the surgery. Whereas 87% of
patients in the exercise group returned to work within 4
months, 24% in control group did, and one patient could not
return to work up to 6 months. Therefore, this difference in
return to work between the two groups shows that the exer-
cise program and strengthening of muscle power resulted in
faster return to work and normal life activities (Fig. 5).

DISCUSSION

After successful operation for radicular pain with discec-
tomy, the incidence of persistent low back pain with radicular
pain is variable and is reported to be between 40 and 60% (9,
11). One of the reasons cited for poor results after discectomy
is the lack of adequate muscle strength and endurance in the
back muscles.

The role of the paraspinal muscles in the maintenance of the
equilibrium and optimum function of the spine as a whole is
well studied (13, 37). Paraspinal muscle atrophy has been
documented radiographically in patients with chronic low

back pain as compared to healthy individuals (6, 8). There is
definite histological evidence of microscopic changes demon-
strating atrophy in multifidus muscle in patients with disc
herniation (24, 30). In patients undergoing posterior lumbar
surgical procedures, there is a further chance of denervation
atrophy resulting from damage to the dorsal rami (21, 43, 46).
Kahanovitz et al. (20) reported an approximately 30% decrease
in trunk muscle strength after discectomy operation. There is
a strong relationship between multifidus muscle dysfunction
and poor functional outcome with recurrence of low back pain
after disc surgery (41, 43). The weakness of the paraspinal
muscles can thus predispose patients to further instability and
dysfunction, leading to a high recurrence rate for low back
pain. Also, ineffective muscular stabilization of the spine re-
sults in an increased risk of injury.

The most important aim of surgical intervention for sciatica
is early functional return of the patient. The return to work is
dependent on the pain-free status guaranteed by the opera-
tion, but also can be improved by exercises to restore back
muscle function, which has been impaired by prolonged in-
activity as well as reflex inhibition resulting from pain or from
the surgical procedure itself.

In a prospective controlled study, Millisdotter et al. (33)
concluded that proximal muscular dysfunction frequently is
present in patients with disc herniation, and whereas sciatica
usually resolves quickly after discectomy, the disability im-

FIGURE 3. Graph demonstrating the change in the VAS for pain before
and after the exercise program in the exercise and control groups.

FIGURE 4. Bar graph demonstrating the change in the ODI score in the
control and exercise groups at the eighteenth postoperative week.

FIGURE 5. Bar graph demonstrating number of patients in the control
and exercise groups who returned to work 4 months after surgery.
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proves gradually up to 4 months and the muscular perfor-
mance improves throughout 1 year after surgery.

Leinonen et al. (25) studied the lumbar paraspinal muscle
function, perception of lumbar position, and postural control
in disc herniations related to back pain before and after disc-
ectomy. The results demonstrated that the patients with sci-
atica had impaired proprioception and postural control. After
discectomy, the lumbar proprioception did change positively,
but the postural control did not change. This study demon-
strates the necessity of exercise therapy for functional recovery
of patients.

Hakkinen et al. (17) evaluated trunk muscle strength, pain,
flexibility, and disability in patients who had been operated
for lumbar disc herniation 2 months after surgery. Although
the leg pain and back pain decreased by approximately 80%,
30% of the patients perceived moderate to severe disability
measured by ODI score. It was also noted that decreased
muscle strength and mobility, especially with older patients
and with considerable postoperative pain, caused significant
functional disability. The authors recommend early identifica-
tion of those patients with restrictions so that rehabilitation
exercises can begin as soon as possible. Another important
observation by them was that the ratio of trunk extension to
flexion strength had changed in favor of flexion muscles. Thus
to reverse this, more extensor muscle exercise is needed.

Similar decrease in the trunk muscle strengths after discec-
tomy as compared with healthy individuals was shown by
Hakkinen et al. (16). They showed that even after operative
treatment of disc herniation, at 2 months after surgery, the
extensor strength was less than that of the healthy control
group. The recovery of maximal endurance is incomplete in
the patients, and thus there is a need for active training to
improve strength of the trunk muscles after discectomy.

Exercises have shown to be effective to improve pain and
disability in patients with non specific chronic low back pain
(12, 26, 27, 40, 42). Activity restriction after microdiscectomy
initially was advised to prevent disc reinjury and complica-
tions arising thereafter, but it has been shown that restriction
of activity after limited discectomy is not necessary in most
patients (4, 5). Indeed, there are reports of improved outcomes
regarding pain, disability, and functional recovery with exer-
cise regimens after discectomy (1, 3, 7, 9, 10, 17, 19, 28, 29, 36,
39, 44, 45). Danielsen et al. (7) showed that because the clinical
end points in patients with or without aggressive exercise
therapy remain the same, there is no danger of aggravation of

symptoms with aggressive
exercise begun 4 weeks after
discectomy.

There is considerable de-
bate regarding whether to
advise flexion or extension
exercises or both (45), but ex-
tension exercises have been
shown to improve the flexi-
bility of the spine and to
cause unloading of the disc

and are also generally well tolerated by the operated patient
(28, 32). In a prospective study evaluating the association of
trunk muscle weakness with low back pain, Lee et al. (23)
concluded that an imbalance in trunk muscle strength, that is,
lower extensor muscle strength than flexor muscle strength,
may be one risk factor for low back pain. We also believe that
because there is also some disruption of the extensor muscles
as a result of operative intervention, there is a need to con-
centrate on extensor muscle strengthening in the initial inten-
sive phase of rehabilitation.

The recovery of multifidus muscle is not spontaneous after
resolution of painful symptoms, and this inhibition can be
reversed only by specific training exercises. This then can
prevent the subsequent incidence of low back pain and thus
also prevent recurrences (18). Although there is strong evi-
dence that intensive exercise programs are more effective on
functional status and faster return to work after discectomy (1,
7, 9, 10, 11, 16, 22, 29, 36, 39, 45), the objective data on muscle
strength improvement and clinical correlation are scarce. Our
study provides quantitative data in the form of muscle
strength as measured using a lumbar extension machine and a
cross-sectional area of longissimus and multifidus muscles as
measured on CT scan after exercise therapy after discectomy
and its correlation with the clinical outcome as compared with
those patients not undergoing intensive extensor exercise ther-
apy. The force of contraction of a muscle as well as the
strength depends on its cross sectional area. Thus, measure-
ment of the cross-sectional area gives us the indirect quanti-
tative assessment of muscle strength and power.

Danneels et al. (8) and Mayer et al. (31) confirmed the
reliability of CT measurements of the paraspinal muscle cross-
sectional area in patients with chronic low back pain and
postoperative patients, respectively. We used cross-sectional
area measurements of the longissimus and the multifidus at
the level of the upper endplate of L4 in our study. Use of the
MedX system makes it possible to calculate the strength of the
muscles as well as to provide effective resistance exercise on a
graded level to the patient at various angles of extension or
flexion. Pelvic stabilization is needed in isolation of the lumbar
extensors. With pelvic stabilization, the lumbar extensors
show an abnormally large potential for strength increase (14).
Use of the MedX system also enables use of pelvic stabiliza-
tion, and thus the extensors of the spine are trained more
effectively, independent of the hip extensors (15). Isometric
extension strength testing at different angles of lumbar flexion

TABLE 3. Change of cross-sectional area of muscle mass

Group Before 12 wk (mm2) After 12 wk (mm2)
Improvement

(%)
Difference

(%)a

Exercise 3428.22 � 665.76 4197.89 � 980.39 29.23 22.03

Control 3316.41 � 723.01 3555.20 � 721.81 7.20

aP � 0.05.
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is helpful in assessing the strength over the entire range of
motion (38). Training frequency as low as once weekly pro-
vides an effective training stimulus for the development of
lumbar extension strength. Isometric exercises can develop
strength in extensors (14). We required the patients to report
to the rehabilitation department twice weekly to undergo the
exercise regimen.

In the present study, the CT scan measurements for cross-
sectional area before surgery did not show any significant
difference between the control and exercise groups. We did
not compare the same with any normative data in healthy
patients, and so cannot infer its significance. The extensor
power measurements using the lumbar extension machine at
the sixth postoperative week also did not show any significant
difference in the control and exercise groups. Thus, although
we used a simple randomization procedure for grouping,
there was no statistical difference between the control and
exercise groups from the beginning. There was a significant
improvement in the muscle strength for lumbar extensor mus-
cles after an extensor strengthening program, and this was
paralleled with a simultaneous increase in the cross-sectional
area of longissimus and multifidus muscle. Untrained patients
usually were much weaker at full extension than they were in
the flexed position. Loss of leverage as you move from the
flexed position may appear to be responsible for the lower
level of strength in the extended position. But trained patients,
after their initial level of strength has been greatly increased
by specific exercise, usually produce the same level of true
muscular strength, in every position throughout a full range of
movement. Muscular strength was statistically significant at
all the angles of lumbar flexion except at 72 degrees. An
intensive exercise schedule thus enables objective improve-
ment in the strength of the back muscles, which is uniform
throughout the range of motion.

Further, VASs were lower in the exercise group at the end of
eighteenth postoperative week than in the control group. The
return to work was also earlier, and 87% of the patients from
the exercise group returned to work even while still partici-
pating in the exercise program within 4 months after surgery.
We also found that the difference in the pain status was
comparable at the end of 1 year, with no statistically signifi-
cant change between the exercise and control groups. These
observations are comparable with previous studies in this
regard mentioned in the Cochrane Review (35). Thus, an
active exercise program for the lumbar extensors aids faster
relief of pain and earlier restoration of functional abilities,
which is of prime importance.

We did not evaluate which of the patients continued with
the home-based exercise schedule after the end of the inten-
sive program when assessed at the end of 1 year. It is neces-
sary to evaluate the long-term effects of an intensive exercise
program followed by a home-based schedule in operated pa-
tients and the future recurrences of pain or the need to un-
dergo surgery. We are not sure how long the benefits of the
intensive exercise schedule last after it is discontinued. But
this helps in motivating the patients and achieving a baseline

improvement in their back power on which they can build
their future course. We believe that such exercise programs
also may have a long-term effect in preventing the chances of
recurrent low back pain subsequently.

These findings need further investigation and long-term
evaluation. There were no patients in either group who re-
quired repeat surgery in the first year of follow-up. Thus
exercise does not seem to increase the chance of reinjury or
resurgery, and neither does it seem to avoid it. The advantages
of intensive postoperative rehabilitation programs after first-
time discectomy not only are limited to the individual, but
also have considerable benefits with respect to socioeconomic
benefits resulting from increased productivity (2). A
rehabilitation-oriented approach enables more patients to re-
turn to work after discectomy (10). Active participation in the
rehabilitation process enables patients to have a positive effect
on the way they cope with pain in their daily lives (22).

CONCLUSION

The introduction of lumbar extension exercises after sur-
gery in patients undergoing discectomy helps achieve an early
return to work and also improves spinal function and pain.
The exercise regimen increases the cross-sectional area of lon-
gissimus and multifidus muscle with parallel increase in
strength and endurance as quantified objectively.
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COMMENTS

Dr. Choi et al. have provided data that supports an early recondi-
tioning program after lumbar spine surgery. This observation

may be intuitive to some. In spite of this, few surgeons utilize such a
strategy clinically. Hopefully, work such as this will convince the
surgical community of the importance of adjunctive management
strategies. For this alone, the authors are to be congratulated. How-
ever, I feel compelled to further emphasize the importance of exercise
programs. With such programs, patient compliance is mandatory. In
this vein, the utilization of specialized equipment, as was employed in
this study, is not necessary for the achievement of good clinical results
from exercise and reconditioning programs. In fact, it may detract
from patient involvement (compliance) in the process. Of greater
importance, the cost incurred by utilizing unnecessary technology
must be taken into account.

Edward C. Benzel
Cleveland, Ohio
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The most important aspect of the paper is that there is no effective
control in the study. The only comparison being made is an early

return to function as opposed to a totally random return to function.
The type of exercising done is irrelevant to the results in these patients.
The conclusions and the results of the study should not reflect that
extension exercises are an effective postoperative treatment method.

As a general rule, for most spinal surgeons, a microscopic lumbar
discectomy should be an outpatient or over night stay procedure, with
ambulation beginning immediately after the patient wakes up from
anesthesia. Progressive ambulation to as much as five miles two times a
day a few weeks after the surgery and beginning a core stabilization
training exercise program as soon as 10 days after the surgery are
recommended. Core stabilization certainly is preferred over flexion or
extension program because the spine is locked in a neutral, pain free
position, and the exercises are conducted while maintaining this position.
There can be no safer method of doing back strengthening after micro-
scopic lumbar discectomy than maintaining a neutral, pain-free position.
The role of the therapist or trainer is to teach the patient the neutral
position, teach them the exercises, and conduct their exercises with the
patient while observing whether they are able to maintain their neutral
position. When the patient loses control of their spine in an exercise, then
the exercise is stopped and a different exercise is begun.

A major key to rehabilitation of the spine is coordinated trunk
strength. This protects the spine through muscle activity that de-
creases abnormal motion in the spine. Incidentally, high-performance
athletic activity and work activity involves the same coordinated
trunk muscles to protect the spine. Instituting balance and coordina-
tion exercises from the beginning of the rehabilitation program is
critical to a rapid, successful return to full activity.

Resistive flexion and extension in a flexion or extension machine is a
nonphysiologic motion and it is a motion that is rarely used in athletic
activity or in work activity. Loaded resistive motion through an injured
or recently operated joint is activity that can injure the joint. Certainly,
core stabilization loads the joint, but neutral loading is safer than loading
through a ROM. Core stabilization training allows the muscles to re-
spond to changes in proprioception and overall body balance. It en-
hances a coordinated muscle response to this change in body balance
from a safe, neutral spine position. Rapid return to function after a
microscopic lumbar discectomy is of vital importance. A low recurrent
herniation rate and ultimate patient satisfaction from low morbidity is
the goal. For a significant portion of the patients who are begun on a
lumbar motion program, they are more likely to sustain lumbar injury in
the postoperative period and more likely to become symptomatic than
would be patients with neutral spine training.

Robert Watkins
Spinal Orthopedic Surgeon
Los Angeles, California

Dr. Choi et al. have contributed an important observation on the
beneficial effect of early postoperative exercise on outcome and

return to work following low back surgery. This supports the pub-
lished beneficial effects of stretching and strengthening exercises for
low back pain and radiculopathy. Furthermore, it is particularly ap-
plicable to patients undergoing minimally invasive spinal procedures.
What it suggests is that prolonged restricted activities, and the con-
sequent deconditioning that result, are ultimately delaying recovery.
Early mobilization and supervised exercise programs should be the
postoperative routine for all surgeons performing low back surgery.

Richard G. Fessler
Chicago, Illinois

In light of findings that show weakness of the trunk muscles and
segmental instability may occur after lumbar diskectomy surgery

(11, 15, 28), the article by Dr. Choi et al. examining postoperative
spinal rehabilitation is timely and relevant to current discussion. The
conclusions presented by the authors regarding improved patient
functional outcomes in the experimental arm of the study merit fur-
ther investigation. The authors state in their conclusion that the tested
exercise regimen resulted in improved spinal function and pain. As
noted in the article, no statistical differences were found between the
scores of the experimental and control groups on the Oswestry Dis-
ability Index (the only functional outcome measure reported in the
study). Further, no difference existed between groups in the return to
work rates 6 months postoperatively. This calls into question the
clinical significance of the large reported difference in return-to-work
rates noted between groups at the 4 months measure. Carragee et al.
(2) found that patients instructed to return to full occupational activ-
ities as soon as they believed they were able returned to work in a
mean time of 1.7 weeks after lumbar diskectomy surgery. Failure by
Dr. Choi et al. to report the criteria that led to subjects returning to
work in their study further clouds the clinical relevance of the re-
ported difference at the 4-months measure.

The usefulness of maximal isometric contraction spinal extension
torque measurements and training in postoperative spinal rehabilita-
tion care also remains unclear. Previous research indicates that mea-
surement of maximal voluntary isometric contraction values of trunk
extension is poor at discriminating patients with low back pain from
pain-free individuals and has limited utility (14). It is noteworthy that,
although the authors assert that increased cross sectional area of the
paraspinal muscles provides a quantitative measure of muscle
strength and power, their findings at baseline measurement contradict
this statement. Examination of Tables 2 and 3 reveals that the control
group generated greater spinal extension torque than the experimen-
tal group at baseline for every one of the seven measured trunk angles
despite exhibiting smaller mean cross sectional areas of the multifidus
and longissimus muscles. While prior research supports the authors’
contention that paraspinal muscle cross-sectional area is one determi-
nant of isometric trunk muscle strength other factors may be more
essential in predicting and improving patient outcomes after lumbar
discectomy surgery (24). Recent research indicates that impaired mus-
cle performance of the lumbar paraspinals in patients with low back
pain may result from altered muscle recruitment patterns and poor
endurance rather than power generated by the spinal extensor mus-
cles (7, 9, 10, 19, 25, 26). Training of the spinal extensor muscles in
isolation may not impart any advantage in spinal function during
activities of daily living, as functional demands typically require the
coordinated action of multiple muscle groups of the trunk (16, 21, 27).
Granata and Orishimo found that co-contraction of the spinal flexors
and extensors occurs during simulated lifting tasks (3). They con-
cluded that the concurrent activity of the spinal extensors and flexors
is necessary in order to maintain equilibrium as trunk stiffness in-
creases in response to the demands of the lifting activity. McGill (16)
and Panjabi et al. (22, 23) have described the means by which the
coordinated activity of multiple muscle groups can control trunk
posture during functional activities, minimizing the loads placed on
vulnerable spinal structures.

Impaired control of the neutral zone of motion of the lumbar spine,
described by Panjabi (22, 23), is associated with excessive tissue stress
that may lead to increased intersegmental injury and intervertebral
disc degeneration (1, 12, 17, 21, 23, 27). Research indicates that acti-
vation of the multifidi and the transversus abdominis muscles in-
creases stiffness coefficients of individual vertebral segments within
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the neutral zone of motion, potentially imparting stability to the spine
(8, 9, 12, 30). Dr. Choi and his colleagues, citing research by Hides et
al. (5), report that changes in the multifidus muscle cross sectional area
which occur after injury are not spontaneously reversed when pa-
tients recover from an episode of low back pain. However, Dr. Choi et
al. neglect to note results of research by Hides et al. (4, 5) and
O’Sullivan (20) that utilized physical therapists to train patients to
maintain spinal postures within the neutral zone of motion. This work
indicated that an exercise program of spinal segmental stabilization,
via submaximal co-contraction of the multifidi and deep abdominal
muscles, reverses multifidus atrophy and reduces injury recurrence
rates in patients with low back pain. Yilmaz et al. (31) found that
treatment emphasizing segmental stabilization in the neutral zone
was more effective after lumbar microdiskectomy surgery than a
treatment program that included flexion-extension exercises along
with global trunk strengthening or a program of medical management
without exercise.

It is a widely held belief that the effects of exercise are closely linked
to the context in which exercise training occurs. The maximal func-
tional carryover of exercise is attained when training speeds, muscle
contraction parameters, and joint angles most closely resemble de-
mands placed upon muscles during activities of daily living (6, 13, 18,
29). Recent clinical research in this area has emphasized retraining the
multifidi muscles to fire synchronously with the transversus abdomi-
nis muscle in a variety of postures under varying demands. In an
effort to maximize functional gains, patients’ programs are typically
progressed by training, then they apply these same techniques while
performing simulated activities of daily living. The article by Dr. Choi
et al. has contributed to the understanding of the physiological
changes that occur with a postsurgical exercise regimen of maximal
isometric contraction of the multifidus and longissimus muscles. Re-
grettably, the authors have presented conclusions regarding func-
tional gains that are not well supported by the evidence presented in
their paper. We believe it important to convey the larger motor control
issues that impact on the rehabilitation of patients after surgery of the
lumbar spine.

Evan K. Johnson
Paul C. McCormick
New York, New York
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