
The Nerve eISSN2465-891X  The Nerve.2018.4(2):55-59
https://doi.org/10.21129/nerve.2018.4.2.55

CLINICAL ARTICLE www.thenerve.net

Journal of the Korean Society of Peripheral Nervous System 55

Range of Motion According to the Fusion Level after 
Lumbar Spine Fusion: A Retrospective Study

Se Jin Choi1, Ji Won Moon1, Dalsung Ryu1, Chang Hyun Oh2, Seung Hwan Yoon1

1Department of Neurosurgery, Inha University School of Medicine, Incheon, 
2Department of Neurosurgery, Guri Cham Teun Teun Hospital, Guri, Republic of Korea

Corresponding author: 
Seung Hwan Yoon
Department of Neurosurgery, 
Inha University School of 
Medicine, 27, Inhang-ro, 
Jung-gu, Incheon 22332, 
Republic of Korea
Tel: +82-32-890-2370
Fax: +82-32-890-2374
E-mail: nsyoon@gmail.com

Objective: The purpose of this study was to compare the range of motion (ROM) after spinal 
fusion according to the levels of lumbar spinal fusion (L4/5 and/or L5/S1). Methods: One hundred 
fifty-six patients were included in this study after undergoing thoracolumbar or lumbar fusion 
from April 2010 to December 2016. All patients had a numerical rating scale less than 4. We 
categorized the patients according to the fusion level for statistical purposes: 86 patients in group 
I with L4/5 or L3/4/5 fusion, 24 in group II with only L5/S1 fusion, 34 in group III with L4/5/S1 
or L3/4/5/S1 fusion, and 12 in group IV with T10-S1 fusion for lesions. The ROM was evaluated 
by physicians of the rehabilitation medicine department using a blinded method, and the result 
was compared between each group. The student t-test was used in the statistical analysis. Results:
The ROM of lumbar flexion was not different between each group, except for groups I and IV 
(p=0.038). The ROM of lumbar extension was statistically affected by fusion at the L4/5 or L5/S1 
level. The ROM of lumbar lateral flexion had a tendency of being affected by fusion at the L4/5 
or L5/S1 level. The ROM of lumbar lateral rotation was not affected by fusion at the L4/5 or 
L5/S1 level. Conclusion: The results suggest that the lower lumbar segments (L4/5 and especially 
L5/S1) contribute to spinal ROM (extension and lateral flexion), but these segments alone do not 
play significant roles in spinal flexion movements.
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INTRODUCTION

The lower portion of the spine bears the most weight and 
allows for the greatest amount of motion4). Lumbar spine motion 
is very complex because of the need for both stability and 
mobility. The motion segment of the spine allows for motions 
within a restrained range and provides stability6). In the lower 
lumbar spine and lumbosacral region, flexion and extension 
are the primary motions. Lateral bending occurs mostly in the 
upper lumbar segments of L2/3, L3/4, and L4/5 rather than 
L5/S14). Biomechanical studies have reported on each range 
of motion (ROM) of the normal lumbar spine and disease lumbar 
spine, but few studies have investigated the ROM of patients 
after lumbar fusion1,4,20). Physicians and patients recognize that 
fusion of the lumbar spine results in restricted range of all 
motions. Although this has been established in many animal 
or cadaveric studies, it has not been confirmed in humans1,3,8). 
The main focus after fusion is on the partial ROM of the adjacent 
segment, and whole spine mobility has not attracted much 
interest until now. In the clinical setting, limitations of spinal 
ROM are a major problem directly related to the effects of 

activities on daily living and the disability rating involved with 
medical insurance. Herein, we compared the ROM after spinal 
fusion according to the levels of lumbar spinal fusion (L4/5 
and/or L5/S1).

MATERIALS AND METHODS

1. Study Design and Population

This retrospective study was conducted by reviewing the 
medical charts of all patients after thoracolumbar or lumbar 
fusion in a single university hospital from April 2010 to 
December 2016. All patients underwent spinal fusion by a 
single neurosurgeon. Among these patients, only those with 
more than 6 months of follow-up and those with an assessment 
of the ROM for the disability rating of medical insurance were 
included. The exclusion criteria of the study were patients who 
had a numerical rating scale (NRS-11) more than 4 and those 
with an Oswestry Disability Index (ODI) score of 20. The NRS-11 
and ODI scores were determined by one nurse and one neu- 
rosurgeon.
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Fig. 1. Results of range of motion in the lumbar spine. Group I: fusion at the L4/5 or L3/4/5 level; group II: fusion at the L5/S1 level; 
group III: fusion at the L4/5/S1 level; and group IV: fusion at other levels from T7 to L4.

All patients were categorized into 4 groups according to 
the lumbar fusion levels as follows: group I, fusion at the L4/5 
or L3/4/5 level (n=86); group II, fusion at the L5-S1 level (n=24); 
group III, fusion at the L4/5-S1 or L3/4/5-S1 level (n=34); and 
group IV, fusion at other levels, such as T10/11/12-L1/2/3/ 
4/5-S1, T12-L1/2/3/4/5, L1/2/3/4/5, L2/3/4/5-S1, and L3/4/5-S1 
(n=12). Because the normal ROM of the lumbar spine was 
difficult to determine in the clinical setting, we considered 
group IV (fusion at more than the L3 level) as the control 
group in order to compare it with patients who underwent 
fusion at the L4/5 or L5-S1 level.

2. Follow-up

All surgical treatment and postoperative care for 6 months 
were conducted in the department of neurosurgery, but the 
checkups for ROM of the lumbar spine were conducted in 
the department of rehabilitation. All lumbar spines were exa- 
mined for the passive restricted point of ROM by specialists 
in rehabilitation after at least 6 months postoperatively. The 
specialists in rehabilitation had access to the patients’ medical 
records, but the examination of ROM was performed in a 
blinded manner without reference to the patients’ medical 
information, such as sex, age, fusion levels, and medical insu- 
rance issues. ROM of the lumbar spine was measured in degrees 
(°) in flexion, extension, lateral bending to the left and right 

sides, and lateral rotation to the left and right sides.

3. Statistical Analysis

Statistical differences between groups were determined by 
using the Student t-test, and SPSS software (IBM Corp., Armonk, 
NY, USA) was used to perform statistical analysis. Statistical 
significance was considered as p<0.05.

RESULTS

One hundred fifty-six patients were included in this study 
(Table 1). ROMs of lumbar flexion were 29.48±12.63° in group 
I, 32.08±13.01° in group II, 31.43±12.90° in group III, and 
26.89±12.90° in group IV (Fig. 1A). A statistical difference in 
the ROM of lumbar flexion was not observed between groups, 
except for groups I and IV (p=0.038). ROMs of lumbar extension 
were 12.33±6.40° in group I, 13.96±5.10° in group II, 12.68 
±5.52° in group III, and 12.50±6.91° in group IV (Fig. 1B). 
The ROM of lumbar extension was statistically affected by 
fusion at the L4-5 or L5-S1 level (all p<0.05, except for in the 
comparison between group I and group II with a p-value of 
0.387). Respective ROMs of lumbar lateral flexion in bending 
to the left and right sides were 18.37±6.66° and 19.30±6.29° 
in group I, 19.38±5.17° and 20.00±4.89° in group II, 19.11± 
4.72° and 20.18±4.61° in group III, and 17.22±7.12° and 15.83 
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Table 2. Different normal values of range of motion
 Korean Spinal Neurosurgery18) Pearcy and Tibrewal15)/Pearcy et al.14) Dvorak et al.5)

  L1-L2 12°/6°/2°   13°/10°/2°  11.9°/10.4°
  L2-L3 14°/6°/2°   13°/11°/2°  14.5°/12.4°
  L3-L4 15°/8°/2°   13°/10°/2°  15.3°/12.4°
  L4-L5 16°/6°/2°   16°/10°/3° 18.2°/9.5°
  L5-S1 17°/3°/1°  14°/6°/3° 17.0°/5.1°
  L4-L5-S1* 33°/9°/3° 30°/16°  35.2°/14.6°
The data is presented as flexion-extension/lateral bending/lateral rotation.
*The range of motion was calculated from the sum of L4-5 and L5-S1.

Table 1. Demographic data of 156 patients with thoracolumbar 
and lumbar fusion
 No. of patients (n=156) Fusion level
Group I  86 (55.1%) L4/5 or L3/4/5
Group II  24 (15.4%) L5/S1
Group III  34 (21.8%) L3/4/5/S1 or L4/5/S1
Group IV 12 (7.7%) T10-S1

±6.47° in group IV (Fig. 1C, D). The ROM of lumbar lateral 
flexion had a tendency of being affected by fusion at the L4/5 
or L5/S1 level; a statistical significance was observed between 
groups II and IV in right side bending (p=0.037), and between 
groups III and IV in right side bending (p=0.029). Respective 
ROMs of lumbar lateral rotation to the left and right sides were 
25.17±5.86° and 24.83±6.25° in group I, 23.96±6.25° and 
25.21±6.16° in group II, 24.11±6.09° and 26.07±4.78° in group 
III, and 23.61±6.14° and 22.78±6.47° in group IV (Fig. 1E, F). 
The ROM of lumbar lateral rotation was not affected by fusion 
at the L4/5 or L5/S1 level.

DISCUSSION

The lumbar spine is a major structure responsible for the 
weight-bearing of the body. At the lumbar spine level, flexion- 
extension movements increased at the caudal levels from 12° 
to 14° in L1-2 and to 17° in L5-S1, as summarized in Table 218).

Before we conducted this study, it was thought that L5-S1 
segment contributes more to lumbar flexion movements than 
the L4-5 segment. Thus, we assumed that the limitations of ROM 
in the L5-S1 segment group were more restrictive than those 
in the L4-5 segment group. However, in our study, a significant 
difference in the ROM of lumbar flexion was not observed 
between the groups, except for groups I and IV. Especially, 
no significance in the result between groups I and II suggests 
that L4/5 or L3/4/5 and L5/S1 segments contribute similarly 
to flexion movements, which falsifies our assumption.

One study reported that upper lumbar spinal segments con- 
tribute to flexion/extension rather than lower lumbar spine 
segments in the normal spine1). Accordingly, this finding helps 

explains why there was no difference among groups depending 
on the lower lumbar segments; however, group IV, which in- 
cluded the most upper lumbar segments, showed no significant 
difference between the other groups. Therefore, upper lumbar 
segments do not always contribute to flexion/extension move- 
ments. Lateral bending motion did not change differently accor- 
ding to the levels with an average of 7° to 9°, except the L5-S1 
level, as shown in Table 27,18). Lateral bending motion increased 
with an average of 7° to 9°, which is not significantly different 
compared to the other levels of upper lumbar segments. Sig- 
nificant differences among groups IV, II, and III in our study 
correspond to findings of previous studies that involved upper 
lumbar segments of group IV. However, the statistical sig- 
nificance observed in only lateral flexion on the right side is 
unclear, and this may be explained by human errors. Rotational 
motion was barely observed with an average of 2° because 
of the restriction of the horizontal facet angle.

The normal ROM in the lumbar spine is of crucial importance 
for extensive coupling as well as for the strong relationship 
between motion and the development of degenerative changes7). 
The most clinically relevant pattern is that of axial rotation 
and lateral bending, which is important for maintaining the 
global dynamic balance of the body, and it is relevant in the 
development of degenerative disc disease14,15). Thus, it is im- 
portant to improve our understanding and to establish guide- 
lines for diagnosing lumbar pathology16).

Flexion-extension increased caudally from 12° to 14° at L1 
and to 18° at L5-S1, under normal circumstances. Lateral 
bending changed slightly, averaging 7° to 9° throughout the 
lumbar spine. Similarly, rotation was consistent and extremely 
limited, averaging 2° per level. In the seldom-studied area 
of translation, which is extremely important when diagnosing 
degenerative instability of the lumbar spine, 2 mm is probably 
normal for the lumbar spine15).

Physiologic motion of the spine is supported by various 
paraspinal structures, such as the musculature, disc, facet joint, 
and ligaments2,12). The anterior muscle group flexes the spine, 
oblique muscles cause spinal rotation, and the psoas muscle 
group is involved in lateral bending and rotation. Indeed, su- 
perficial and deep posterior muscles are involved in extension 
of the spine; most muscles are also involved in rotation or 
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lateral bending. In the posterior group, superficial muscles 
are more prominent in bending, and deeper muscles are more 
prominent in spinal rotation. The muscles found in the lateral 
to the spinal column are involved in lateral rotation and bending. 
The effect of the disc on axial rotation would seem prominent, 
but this has not been assessed experimentally in Korea. The 
facet appears to provide stability, primarily against anterior 
translation between the upper thoracic levels. Where the facets 
change in orientation to the more lumbar pattern, more anterior 
translation can occur, and axial rotation is more limited. The 
annulus of the disc, which is the well-developed posterior 
longitudinal ligament, and the thick ligament flavum prevent 
hyper-flexion; additionally, the anterior longitudinal ligament 
resists excessive extension. This is why the posterior elements 
and ligaments are important in the maintenance of spinal sta- 
bility. It has been established that posterior spinal surgery da- 
mages the paraspinal musculature, facet joint, and ligaments, 
causing limitations of ROM9,17). Thus, in clinical practice, post- 
operative posterior lumbar muscle damage plays an important 
role in the limitations of ROM.

The normal ROMs are slightly different according to different 
reports (Table 2). This can affect the disability rating for medical 
insurance. The recent Korean disability scale categorized the 
disability rating according to the fusion level after spinal fusion, 
not according to dynamic spinal motion11). In the clinical setting, 
the suspected motion limitations are checked differently 
compared to the real motion limitation. Few biomechanical 
studies have evaluated pedicle fixation of the lower lumbar 
spine. One study investigator used an instability model that 
excluded the posterior ligaments and injury of the disk at the 
L5-S1 level13). Three-dimensional vertebral motions were mea- 
sured using a marker on each vertebra: flexion, extension, la- 
teral bending, and axial torque moments. They found that 
flexion was reduced by 50% from the intact state, and the 
stiffness values were higher than those in the intact spine for 
all the devices. With extension loading, the device restored 
the stiffness of the vertebrae to at least the normal state. In 
pure axial loading, the device reduced motion from 75% to 
50% in the intact state, with statistical significance. This recent 
study also reported that the limitation of ROM was observed 
differently with suspected data12,13,18,19). Indeed, each ROM (fle- 
xion, extension, bending, and rotation) was affected differently 
by fusion at the L4/5 and/or L5/S1 level. The modern Korean 
disability scale might underestimate clinical symptoms so the 
disability of postoperative patients may be considered a mild 
limitation of ROM. Therefore, the new rating of disability might 
indicate a more severe limitation of ROM.

Although we clearly explained the complication of limitations 
in ROM and discomfort to the patients before spinal surgery, 
it is not easy for patients to comprehend the limitations of 
ROM and how it may affect their activities of daily living or 
occupation. Therefore, our study may help neurosurgeons ex- 
plain the many possible outcomes to patients so they understand 

how the limitations of ROM may affect their daily life.
Although this recent study reviewed a large patient popu- 

lation, there were some limitations. First, this study had no 
normal control group for comparing the ROM. Instead, the 
patients with upper thoracolumbar or lumbar fusion were 
included in group IV, but the results do not precisely represent 
data from normal individuals. Second, the measurement of 
ROM was determined by specialists in Rehabilitation. Although 
this method for measuring the ROM was a sufficient blind 
test, it impaired standardization because of the possibility of 
different human errors. Other studies of fleximeter or gonio- 
metry showed a poor correlation between ROM measurements, 
and this limitation should be overcome in a future study with 
an improved design10). Despite these limitations, this study 
provided unique and interesting information about the limi- 
tation of ROM after lower lumbar fusion operation, which was 
questioned by many spinal surgeons.

CONCLUSION

Limitations of ROM always develop after spinal fusion, re- 
sulting in discomfort for patients. Thus, it is important to predict 
future complications depending on spinal fusion levels and 
to help explain possible limitations of ROM to patients preope- 
ratively.

The results here in suggest that the lower lumbar segments 
(L4/5 and especially L5/S1) contribute to spinal ROM (extension 
and lateral flexion), but these segments alone do not play 
significant roles in spinal flexion movements. Therefore, spinal 
neurosurgeons should consider the limitations of ROM and 
that inclusion of the L5/S1 segment in spinal surgery results 
in more limitations. Thus, these limitations should be carefully 
considered in advance.
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