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Abstract The complications of 648 
consecutively inserted Universal AO 
pedicle screws (140 in the thoracic 
spine and 508 in the lumbar spine) 
performed by one surgical team to 
treat 91 patients with spinal problems, 
were reviewed. The spinal pathology 
consisted of: scoliosis (34 patients), 
degenerative lower lumbar spinal 
disease (25 patients), neoplastic 
spinal disease (11 patients), thoracic 
kyphosis (8 patients), spinal fractures 
(7 patients), lumbo-sacral spondy- 
lolisthesis (3 patients), and osteo- 
myelitis (3 patients). Intraoperative 

complications were: screw misplace- 
ment (n = 3), nerve root impinge- 
ment (n = 1), cerebrospinal fluid leak 
(n = 2) and pedicle fracture (n = 2). 
Postoperative complications were; 
deep wound infection (n = 4), screw 
loosening (n = 2) and rod-screw dis- 
connection (n = 1). The conclusion 
was that pedicle screw fixation has 
an acceptable complication rate and 
neurological injury during this proce- 
dure is unlikely. 
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Introduction 

The aim of this study was to address the safety of using 
pedicle screws in spinal surgery. The rapid advances in 
spinal surgery have led to various types of  spinal instru- 
mentation. The place of pedicle screws, however, remains 
controversial [4, 9], in particular the associated complica- 
tions. Pedicle screws were first described by King in 
1944, further development was subsequently undertaken 
by Roy-Camille and Louis [3, 8]. 

In contrast to hook systems, pedicle screws are placed 
at a 90 ° angle to the spine. Neurological impairment fol- 
lowing misplacement of pedicle screws has, therefore, 
been a major concern [4]. We reviewed the complications 
of pedicle screw insertion at the Centre for Spinal Studies 
and Surgery as well as the associated complications. 

Materials and methods 

A prospective study was carried out between November 1993 and 
December 1994 on 91 patients with spinal pathology who were 

surgically treated by one surgical team. The AO Universal Spinal 
System screw, was used (see Table 1). 

The following factors were studied; the operative time spent to 
introduce a pedicle screw after exposing the site of insertion, intra- 
operative complications during insertion of the screw and the post- 
operative complications. The pedicle size and its orientation was 
studied by checking the preoperative plain radiographs of the spine 
prior to insertion of the screw. An intraoperative lateral plain radi- 
ograph of the spine was performed in all the cases to check the di- 
rection of insertion of the screw in relation to the pedicle. 

Results 

Pre- and postoperative plain radiographs of the spine were 
seen in an X-ray conference by two radiologists and four 
senior and ten junior spinal surgeons. Any comments in 
regard to pedicle screw malpositioning were recorded. In 
a sample number of  cases (n = 20) the average time taken 
to introduce a pedicle screw by an experienced surgeon 
was 2 min in the lumbar spine and 3 min in the thoracic 
region. Average follow-up was 18 months. Three im- 
munocompromised patients with spinal metastatic dis- 
ease, who underwent decompression of the spinal canal 
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T a b l e  1 Details of 91 cases of spinal pathology, treated with the 
AO Universal Spine System (T thoracic, L lumbar) 

Indications No. of Sex Mean Screw 
patients age site 

(years) 

Degenerative 6 6 F 45 60 L 
lumbar 
scoliosis 
Idiopathic 27 3 M, 24 F I2 45 T, 107 L 
scoliosis 
Congenital 1 1 F 35 4 T, 4 L 
scoliosis 
Kyphosis 5 4 M, 1 F 40 20 T, 32 L 
(ankylosiing 
spondylitis) 
Kyphosis 2 1 F 27 12 T, 8 L 
(Scheuermann's 
disease) 
Paralytic 1 1 F 45 4 T, 6 L 
kyphoscoliosis 
Low-lumbar 25 9 M, 16 F 40 174 L 
spondylosis 
Low-lumbar 3 1 M, 2 F 37 12 L 
spondylosis- 
thesis (II) 
Metastatic 11 3 M, 8 F 57 31 T, 59 L 
spinal surgery 
Spinal 7 6 M,  1 F 39 24 T, 28 L 
fracture 
Spinal 3 1 M, 2 F 40 18 L 
infection 

and spinal fixation, died as a result of  pulmonary dissem- 
ination of  the cancer. A lateral approach to the pedicle 
was used in our series (midway be*:ween the upper and 
lower border o f  transverse process of  the vertebra, at its 
junct ion to the superior facetal process). The pedicle 
probe made the approach in the coronal and sagittal direc- 
tion to the pedicle at each level, a small pedicle feeler was 
pushed down the hole to ensure that bone was circumfer- 
ential at each level. 

The insertion o f  pedicle screws was technically diffi- 
cult in certain pathologies: second-time procedures; the 
concave side of  scoliosis; congenital scoliosis; and 
spondylolisthetic vertebra. 

Postoperative complications consisted of: 

1. Deep wound infection (five cases). This was the only 
significant complicat ion (superficial wound infection 
occurred in five cases, this settled spontaneously with 
appropriate antibiotics for 5 days). The deep infections 
followed instrumented spinal fusion fol lowing decom- 
pression of  extradural metastatic carcinoma in im- 
munocompromised  patients who had received radio- 
and chemotherapy concurrently (three patients). In 
one patient, the infection followed the correction of  
kyphotic  spinal deformity secondary to ankylosing 
spondylitis. The fifth case was a revision surgery. 

2. Screw loosening (two cases). In one case the screw 
was loose and in the other the loosening was associ- 
ated with poor  bone quality. The screw in both cases 
was replaced with a larger one. No screw breakage was 
noted. 

3. Screw-rod disconnection due to technical error (one 
case). This was replaced as well. 

Reproducibil i ty 

The main author (observer 1) and two senior spinal fel- 
lows evaluated 111 pedicle screws from anteroposterior 
and lateral radiographs (15 patients) on two separate oc- 
casions to determine the intra- and inter-observer reliabil- 
ity. The pedicle screws were graded as: grade 1 - defi- 
nitely in the pedicle; grade 2 - uncertain, possibly not in 
the pedicle; grade 3 - definitely not in the pedicle. The re- 
sults of  each evaluation are shown in Table 2. The screw 
that was recorded as definitely not in the pedicle by all of  
the three observers in both their evaluations was the same 
screw. There are no significant differences between the 
first and the second evaluation of  the pedicle screws for 
any of  the three observers (Kruskal-Wallis one-way 
analysis of  variance). There are also no significant differ- 
ences between the observers for either the first or the sec- 
ond evaluation of  the pedicle screws (P > 0.05, Kruskal- 
Wallis one-way analysis o f  variance). 

Complicat ions T a b l e  2 Intra- and inter-observer reliability in the radiological as- 
sessment of pedicle screw placement (ev evaluation) 

Intraoperative complications consisted of: Grade 

1. Pedicle fractures (two pedicles in one patient, during 
correction of  a severe deformity of  the spine 

2. Cerebrospinal fluid leak (two cases), resolved sponta- 
neously 1 

2 3. Screw misplacement  (three cases), one patient had sen- 
3 

sory L5 root changes, this settled within 3 weeks 

Observer 1 Observer 2 Observer 3 

1st 2nd 1st 2nd 1st 2nd 
(ev) (ev) (ev) (ev) (ev) (ev) 

105 107 104 107 107 106 
5 3 6 3 3 4 
1 1 1 1 1 1 
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Discussion 

The insertion of pedicle screws has been reported to be as- 
sociated with a significant complication rate [6, 13]. Com- 
plications following pedicle screw fixation include in- 
creased operative time with associated increased infection 
rate and, in particular, neurological problems inherent in 
the procedure [2, 3]. 

The most frequent complication is neurological injury. 
A low incidence of neurological complications was re- 
ported by Roy-Camille et al. [8]; Blumenthal and Gill re- 
ported a complication rate of 6% (1): whereas in our se- 
ries the rate of neurological complications was 1.09%, al- 
though the rate of significant nerve injury by a screw in 
648 cases was 0.15%, 

In Sanford and Myers'  series incidences of 2.6% su- 
perficial and 0.6% deep wound infection were noticed fol- 
lowing the use of pedicular fixation of the spine [9]. The 
incidence of deep wound infection in our series would 
have been 1% if four immunocompromised patients (three 
with secondary neoplasia, one with ankylosing spondyli- 
tis) had been excluded from the series. Three of these pa- 
tients were receiving concurrent chemo- and radiotherapy 
for their malignant diseases. 

The percentage of difficult screw placements in our se- 
ries was 3.3% compared to 8.1% in Sanford and Myers'  
series [9]. 

The overall pedicle breakage rate for pedicle screwing 
for lumbar spinal fusion is 1.1% in the literature; no screw 
breakage occurred in our series. 

There were two cases of cerebrospinal fluid (CSF) leak 
before insertion of the pedicle screw; these settled and did 
not require any intervention. In one series of 148 cases of 
spinal fusion using a posterior spine fixator (PSF), 34 
screw loosenings, 9 screw fractures, 13 screw/bolt angula- 

tions, 3 disconnections of screw/bolt or rod and 3 rod 
breakages occurred [7]. In another series, using 297 Stef- 
fee pedicle screws with plate fixation, 17 screws broke 
[4]. Compared to the above two series, the hardware com- 
plication rate associated with the Universal Spinal System 
is much lower (two cases of screw loosening, one case of 
screw-rod disconnection and three cases of rod breakage 
in our series). 

The overall intra- and postoperative complication rate 
of pedicle screw instrumentation in our 91-patient series 
was 13%. 

We relied entirely in the current study on plain pre-, 
per- and postoperative radiographs to identify pedicle 
screw misplacement. Using CT scans rather than plain ra- 
diographs for analysis of the pedicle morphometry has 
been found to make no significant difference [10-12, 14]. 
Although CT scans would be more accurate we could not 
justify the extra expense and radiation for 91 patients. 
Three cases of pedicle screw misplacement were identi- 
fied in our series, of which only one case involved tempo- 
rary sensory deficit. The parameters linked to a satisfac- 
tory screw placement include point of entry, angle of in- 
sertion of the screw and pedicular isthmus width, 

Conclusion 

In experienced hands, the pedicle screw system is a safe 
procedure for treating various diseases of the spine. The 
rate of hardware complications using the Universal Spinal 
System is acceptable and lower than that associated with 
other parallel pedicle screw systems. 
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