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Abstract
The Buck technique has been used for a long time in treating lumbar spondylolysis; however, the use of
this technique was limited by defects such as screw misplacement. Nowadays, the Computer-Assisted
Minimally Invasive Spine Surgery (CAMISS) technique is widely used in spine surgery; however,
research on the treatment of lumbar spondylolysis has rarely been reported. In our study, 23 patients
with lumbar spondylolysis were managed with CAMISS-Buck surgery. The average operative duration
was 97.8 ± 14.9 min, and amount of blood loss was 38.0 ± 15.6 ml. Among all 23 patients, 22 were
followed for 24.2 months on an average. The postoperative and follow-up Oswestry Disability Index and
the postoperative and follow-up visual analogue scale scores significantly improved compared with the
preoperative values. According to the follow-up radiographic results, the screw implantation was
excellent (rate, 100%) and the solid fusion rate was 81.8%. In addition, no postoperative complications
were observed. In conclusion, the CAMISS-Buck technique is a feasible approach in treating lumbar
spondylolysis.
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Introduction
Lumbar spondylolysis is a common cause of lower back pain
[1]. The incidence is about 3-6% among young people, and it is
unlikely to heal by itself [2]. Most researches have proven that
spondylolysis is caused by fatigue fracture of the isthmus [3-6].
Most patients with lumbar spondylolysis are asymptomatic.
For patients with symptoms, conservative treatment is the first
choice. Most symptoms can be relieved with bed rest, bracing
protection, and using non-steroidal drugs [1,7-9]. However, for
some patients, the symptoms persist or even become
aggravated after a long time of conservative treatment. In these
cases, surgery should be considered [10].
Buck was the first to propose the concept of direct isthmus
fixation [11]. Since the 1970’s, many surgeons have used this
technique [12-15] to treat lumbar spondylolysis and have
achieved good results. However, owing to dysplasia and the
small size of isthmus, the conventional methods of screw
implantation can easily lead to misplacement, screw loosening,
screw breakage, or even irreversible damage to the nerve root
during the surgery [16].
With the help of an intraoperative computer-assisted navigation
system, surgeons can precisely locate the orbit of a fixation
device, which can greatly enhance the accuracy of the fixation
implantation [17]. Our department has employed this technique
in the upper cervical [18,19] and lumbar vertebrae with axial
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rotation [20] previously, and demonstrated the safety and
accuracy of pedicle screw placement. On this basis, the
Computer-Assisted Minimally Invasive Spine Surgery
(CAMISS) technique combines the advantages of navigation
technology and minimal invasiveness, making surgery less
injurious and more accurate, thereby accelerating postoperative
recovery. We used the CAMISS method in treating
degenerative lumbar disease and achieved a good outcome
[21].
In 2013, our department began to use the CAMISS technique
to treat lumbar spondylolysis. With this technique, surgeons
can accurately place the isthmus screws and overcome the
difficulties in screw implantation with the traditional Buck
method.

Materials and Methods
Patients
Twenty-three patients with a diagnosis of lumbar spondylolysis
were enrolled in our retrospective study from January 2013 to
December 2015. All of them accepted the CAMISS-Buck
surgery. Among the 23 patients, 18 were male and 5 were
female (male-to-female ratio, 3.6:1). The average age was 22.9
years (range, 14-35 years). Among them, two patients were
older than 30 years. Concerning their occupation, 5 were
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students, 14 were manual workers, 2 were athletes, and 2
patients were office workers. This study was conducted in
accordance with the declaration of Helsinki. This study was
conducted with approval from the Ethics Committee of
Tsinghua University. Written informed consent was obtained
from all participants.
Low back pain was the chief complaint for all patients,
including three with accompanying hip pain. The symptom
duration was 4.6 years on average. All patients had failed
results after at least 6 months of conservative treatment.
Preoperatively, all patients took the vertebral isthmus closure
test to confirm the relationship between low back pain and
lumbar spondylolysis [22].
All patients took lumbar static and dynamic radiographs,
Computed Tomography (CT), and Magnetic Resonance
Imaging (MRI) to confirm the presence of lumbar
spondylolysis. According to the disc signal indicated on the
lumbar MRI, all patients were classified as class I (Pfirrmann
grading method) [23] without spondylolisthesis, lumbar disc
herniation, spinal stenosis, and other lumbar degenerative
diseases. All the 23 patients had single-segment spondylolysis
with both sides involved, at L4 in 6 cases and L5 in 17 cases
(Table 1).

Clinical and radiologic evaluations
Clinical data including name, sex, age, operative segments,
operative duration, blood loss, postoperative ambulation time,
days from surgery to discharge, postoperative complications,
(preoperative, postoperative, and follow-up) Visual Analogue
Scale (VAS) scores, (preoperative, postoperative, and followup) Oswestry Disability Index (ODI) scores, and MacNab
criteria scores were recorded. The VAS was used to evaluate
the back pain. The ODI was used to evaluate the daily life
functions. The MacNab criteria were used to evaluate the
patient satisfaction of surgery. The accuracy of screw
implantation and complications such as screw loosening or
breakage were also evaluated on the basis of radiologic data.
Follow-up lumbar static and dynamic radiographs were used to
affirm the fusion rate, and CT scans were obtained if necessary.
The institutional ethics committee of Beijing Jishuitan Hospital
approved the study. Written informed consent was obtained
from all participants.

Surgical procedure
The same senior surgeon finished the operations. We used a
three-dimensional (3D) fluoroscopy-based navigation system
consisting of a modified C-arm CT system (ArcadisOrbic 3D;
Siemens, Medical Solutions, Erlangen, Germany) and the
workstation of navigation (The Stryker Spine Navigation
System, version 1.2; Stryker, Missouri, MO, USA).
After general anaesthesia induction, the patients lied in a prone
position. A C-arm was used for preoperative localization.
Then, a tracker was placed on the spinous processes at the
upper side of the target vertebra. Subsequently, ISO-C 3D was
used to scan and automatically transfer the 3D images to the
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computer navigation workstation. After determining the
surface projection of the entry point, the operator made a 3 cm
transverse incision, cut the skin and subcutaneous tissue step
by step, and used the minimally invasive dilator for expansion
and the driller to drill. Under the guidance of 3D fluoroscopybased navigation, the operator completed the drilling and
placed the K-wire. Subsequently, a 1.8 cm incision was made
above the surface projection of the bilateral isthmus according
to the navigation guidance. After gradually expanding, a
diamond burr that has been calibrated to the navigation system
was used to remove the hyperplasia scars and sclerosis bone
tissues. Then, the bone grafts from the iliac were placed. The
next step was to insert the hollow lag screws and apply
pressure along with the K-wire. The last step was to wash and
suture the wounds (Figure 1). No drainage was needed in this
surgery. On the second day after the operation, the patients can
walk and use a waist brace for 1 month.

Statistical analysis
SPSS17.0 (SPSS Inc., Chicago, IL, USA) was used for the
statistical analysis; measurement data were described as x̄ ± s,
whereas count data were described as percentage. Paired
samples t-test was used for the comparison between groups for
measurement data such as ODI and VAS, when they had a
normal distribution. A nonparametric test was adopted when
the data were not in accordance with the normal distribution.
P<0.05 was considered significant.

Figure 1. The intraoperative photograph. (A, B) Use navigation to
determine the surface projection of the entry point; (C, D) Use the
minimally invasive dilator to expansion, use the driller to drill and
place the K-wire; (E) Determine the surface projection of the isthmus
according to the navigation; (F) Remove the hyperplasia scars and
sclerosis bone tissues; (G) Bone graft; (H) The length of incision.

Results
The average operative time was 97.8 ± 14.9 min, the average
blood loss was 38.0 ± 15.6 ml, and the average postoperative
hospital stay was 4.2 ± 0.9 days. The follow-up rate was 95.7%
(22 of 23). One patient was lost owing to a change of telephone
number. The follow-up duration was 24.2 months on average
(range, 6-36 months). All wounds were well healed. The
symptoms were significantly relieved after surgery, without
wound infection, screw loosening, nerve damage, and other
complications. The average time of returning to work/school
was 3 weeks without strenuous exercises and hard physical
labour. The postoperative and follow-up ODI (14.5 ± 9.3 and
10.6 ± 6.9, respectively) were significantly improved compared
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with the preoperative value (55.5 ± 16.3) (P<0.05). The followup ODI also showed significant improvement compared with
the preoperative value (P=0.049) (Table 2). The postoperative
and follow-up VAS (1.0 ± 1.5 and 0.7 ± 1.2, respectively) was
significantly improved compared with that before surgery (5.5
± 1.3) (P<0.05), whereas the comparisons of VAS between
postoperative and follow-up values showed no significant
difference (P=0.121) (Table 2). In the MacNab criteria, 20
cases were excellent, whereas 2 cases were good. We used the
method of Andrew to evaluate the accuracy of isthmus screw
implantation [24]. On the basis of the postoperative CT scan,
we divided the degree of the screw implantation into excellent,
good, moderate, and poor. All the 22 patients were implanted
with a total of 44 isthmus screws. The rate of screw
implantation was excellent (100%, 44 of 44), with no
misplacement or clinical deficits. The isthmus solid fusion rate
was 81.8% (36 of 44) according to the follow-up radiographs
and CT scans (Figure 2). For the four patients with non-union,
the slight back pain had no influence on their daily lives.

Figure 2. Radiographic data. (A) Preoperative L5 spondylolysis; (B)
Follow-up L5 spondylolysis (3 months after operation). The screws
were without loosening and shifting. The bone had fusion.

Table 1. Detailed information of all the fourteen patients enrolled.
Case

Gender

Age

Occupation

Spondylolysis
Segment

Spondylolysis
Position

Case

Gender

Age

Occupation

Spondylolysis
Segment

Spondylolysis
Position

1

Male

29

Manual worker

L5

Bilateral

14

Female

20

Manual worker

L5

Bilateral

2

Male

27

Office staff

L5

Bilateral

15

Female

21

Manual worker

L5

Bilateral

3

Male

14

Student

L5

Bilateral

16

Male

15

Student

L4

Bilateral

4

Male

29

Manual worker

L4

Bilateral

17

Male

17

athletes

L5

Bilateral

5

Male

27

Manual worker

L5

Bilateral

18

Male

19

Manual worker

L4

Bilateral

6

Male

35

Manual worker

L5

Bilateral

19

Male

22

Manual worker

L5

Bilateral

7

Male

25

Manual worker

L5

Bilateral

20

Female

27

Office staff

L4

Bilateral

8

Male

22

Student

L4

Bilateral

21

Male

18

athletes

L5

Bilateral

9

Male

21

Student

L4

Bilateral

22

Male

16

Student

L5

Bilateral

10

Female

33

Manual worker

L5

Bilateral

23

Male

20

Manual worker

L5

Bilateral

11

Male

18

Manual worker

L5

Bilateral

-

-

-

-

-

-

12

Male

22

Manual worker

L5

Bilateral

-

-

-

-

-

-

13

Male

29

Manual worker

L5

Bilateral

-

-

-

-

-

-

Table 2. The ODI and VAS scores of preoperative, postoperative and
follow-up.
Preoperative

Postoperative

Follow-up

ODI

55.5 ± 16.3**

14.5 ± 9.3*

10.6 ± 6.9*

VAS

5.5 ± 1.3**

1.1 ± 1.5*

0.7 ± 1.2*

**Comparison in ODI and VAS scores. There is a significant difference between
preoperative and postoperative ODI and VAS scores (P<0.05); there is a
significant difference between preoperative and follow-up ODI and VAS scores
(P<0.05).
*Comparison in ODI and VAS scores. There is a significant differences between
postoperative and follow-up ODI (P<0.05) and no significant on VAS scores
(P>0.05).
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Discussion
Patients with spondylolysis who had failed conservative
treatment should consider surgical treatment. The surgical
approach has developed from multi-segment fusion to internal
segment fusion. As many researchers have noticed that multisegment fusion reduces the range of motion and accelerates the
degeneration of adjacent segments [25-28], the internalsegment fusion technique has been considered a better choice.
Kimura first used the bone graft method in isthmus defects to
treat lumbar spondylolysis [29]. Buck reported a study on the
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combination of isthmus screw fixation and the bone graft
method [11]. Since then, a variety of effective methods have
been reported, such as the tension band method reported by
Noil et al. [30], as well as the nail hook method reported by
Morscher et al. [31]. However, the Scott et al. methods are
insufficient in many aspects, such as causing more serious
stripping on soft tissues, more bleeding, and a higher risk of
nerve injury [32]. The Scott method demands cutting off the
iliolumbar ligament to expose the transverse process during the
operation, which may cause vertebral instability [33]. In
addition, these two methods may result in bone absorption;
implant loosening, or even back pain owing to the greater
tension [34].
Compared with other methods, the Buck method is the most
direct way to treat fatigue fracture of the isthmus by using lag
screws fixed across the fracture line. Biomechanical tests have
shown that this method is a better choice for fixation. Fan et al.
indicated that the Buck method can effectively stabilize the
isthmus [35]. Deguchi et al. found that the Buck method is the
best technique in terms of a fixed intensity in biomechanical
tests compared with the other methods [36]. However, because
of the greater difficulty in operation and the possible nerve root
damage caused by misplacement of the isthmus screws, the
Buck method has the limitation of a longer learning curve [37].
Since its application in the field of spine surgery in the 1990’s,
the navigation technology has been well developed [38]. The
real-time navigation system can help the surgeon pinpoint a
fixed orbit and greatly improve the accuracy of screw
implantation, especially for those with complex anatomical
structures and a high-risk surgical site [39]. The navigation
technology can accomplish percutaneous screw implantation
and achieve minimally invasive surgery. As it has the
combination of navigation technology and minimal
invasiveness, the CAMISS technique has been applied in many
areas of spinal surgery.
Compared with the traditional Buck method, CAMISS has
many advantages. First, the navigation system can achieve the
precise location during the surgery and ensure that the lag
screws cross the isthmus stump successfully. It can reduce both
the risk of surgery and the possibility of nerve injury. In this
study, no serious screw misplacement was found and the solid
fusion rate was close to those in previous reports. Moreover,
there were no postoperative complications, and the ODI and
VAS scores improved significantly. Second, minimally
invasive surgery can maximize the retention of the back
muscles and soft tissues, accelerating postoperative recovery
and reducing the chronic back pain caused by extensive
dissection. In our study, the amount of blood loss was 37.5 ml,
which is largely lower than that of the traditional Buck method
or other surgical approaches. This result is similar to another
minimally invasive method by Brennan et al. [40].
Furthermore, patients do not need to undergo postoperative
drainage and are able to ambulate the next day after the
surgery. Patients have reported higher satisfaction with this
surgery. Third, the CAMISS method can avoid repeated
intraoperative fluoroscopy and reduce the radiation damage to

2275

the operators. Finally, this method is easy to comprehend fully,
which can reduce the learning curve for junior doctors. Lee et
al. compared between direct repair surgical treatment and
conservative treatment for young patients with spondylolysis
[41]. They found that direct repair surgery had the same
treatment effect but more complications. To overcome the
shortcomings of the direct repair method, we used the
CAMISS method, which not only improves the treatment
effects but also reduces complications.
In summary, the CAMISS-Buck technique has the advantages
of both navigation technology and minimal invasiveness, and
can overcome the shortcomings of the traditional Buck
method. This method shows several benefits, including a
higher accuracy, less intraoperative blood loss, and earlier
rehabilitation. However, our study has some limitations in the
sample number and follow-up duration. In the future, a study
with a larger size and longer follow-up may be considered to
compare the effect among the CAMISS-Buck method,
traditional Buck method, and conservative treatment of
spondylolysis. Nevertheless, the CAMISS-Buck method is an
effective and promising surgical method.
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