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Abstract The position o f  119 pedi- 
cle screws was assessed on plain an- 
tero-posterior and lateral radiographs 
taken immediately post-operatively 
and at 3 months '  follow-up. The 
readings of  five independent ob- 
servers were compared with the 
"gold standard" of  CT reconstruc- 
tions. The position o f  only 41% of  
implants (range 14%-56%) was as- 
sessed correctly on the plain radi- 
ographs (47% on follow-up films). 
Two-thirds of  CT-detectable perfora- 
tions were missed. As shown with 

perforations of  the anterior cortex, 
detectability increased significantly 
with magnitude of  perforation. No  
specifically difficult anatomic level 
or direction of  malplacement  could 
be identified. Interobserver variation 
was considerable. Plain radiographs 
were shown to be of  limited use in 
assessing the position of  pedicle 
screws. 
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Introduction 

Transpedicular screw fixation of  spinal segments has 
gained widespread acceptance over the last years for var- 
ious indications including spondylosis,  degenerative disc 
disease, segmental instability, fracture, and others. Previ- 
ous studies investigating complications of  this technique 
have outlined the importance of  properly placed screws 
with respect to the pedicle and the anterior vertebral cor- 
tex. Accurate localization of  the intraosseous position is 
essential to facilitate improvement  of  pedicle-screw-inser- 
tion aids and techniques. Intra-operative image intensifi- 
cation and post-operative plain radiographs are currently 
the standard. However,  previous studies have questioned 
the accuracy of  conventional  imaging techniques when 
compared to CT [3, 5] or in vitro investigation of  speci- 
mens [18]. Differences between observers may  also be 
considerable [3]. This study was designed to investigate 
the accuracy of  assessment of  pedicle screw position on 
plain radiographs. Specific attention was focused on the 
inter- and intra-observer reliability as well as on the deter- 

ruination of  vertebral levels and screw directions, which 
may be particularly difficult to assess. 

Materials and methods 

Twenty-one patients undergoing posterior transpedicular stabiliza- 
tion for spondylosis with degenerative disc disease (18 cases), 
stenosis of the spinal canal (2 cases) and tumor instability (1 case) 
were included in the study. The position of 119 USS titanium pedi- 
cle screws was assessed. The implants were predominantly in- 
serted in the lower lumbar and lumbosacral area (L4:35 screws, 
L5: 32, St: 28); however, other levels were also included (L3: 16, 
L2: 2, T 12: 4). Following a standard midline approach a computer- 
assisted image guidance system was utilized as the only visualiza- 
tion aid for the insertion of 105 screws [1, 11]. Fourteen screws 
were inserted conventionally under fluoroscopic control. All pa- 
tients involved underwent a post-operative CT investigation to as- 
sess the position of the pedicle screws accurately [14]. Conven- 
tional antero-posterior and lateral radiographs were obtained im- 
mediately post-operatively for all patients and again after a 3-month 
follow-up for 18 patients (106 screws). During this period none of 
the patients had to be revised for any implant-related problems. No 
post-operative neurological deficit occurred. Three patients were 
subsequently lost for follow-up. 
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Table 1 Screw perforations as 
detected by CT reconstruction 
(upper line) and by post-opera- 
tive radiograph (different ob- 
servers, lower line) 

0-2  mm 2~4 mm 4-6  mm > 6 mm Total 

Medial 2 3 - - 5 
0/0/0/0/2 0/0/0/0/0 0/0/0/0/2 

Lateral 6 2 1 - 9 
01011 I010 01011 I010 0101 i I010 0•0•3 I010 

Superior . . . . .  

Inferior 1 - - - 1 

010101011 010101011 
Anterior 30 19 12 4 65 

7/2/6/15/4 10/4/9/13/9 9/5/9/10/7 3/3/4/4/2 29/13/28/42/22 

Total 80 
29/13/31/42/25 

Plain radiographs were evaluated by five independent observers 
including an experienced spine surgeon, a spine fellow, a neurora- 
diologist, and two orthopedic residents. The observers were asked 
to assess the position of the pedicle screw in five directions: "me- 
dial, lateral, superior, and inferior" with respect to the pedicular 
cortex and "anterior" with respect to the anterior cortex of the ver- 
tebral body. Apparent violation of the cortical bone in any of these 
directions was to be noted. Cortical perforations were graded in 2- 
mm increments according to Gertzbein and Robbins [6]. If a corti- 
cal perforation was questionable the observers were asked to in- 
clude the screw in the "0-2  mm" perforation group. Post-operative 
and follow-up radiographs were assessed independently. All ob- 
servations were made in a blinded fashion, without knowledge of 
the readings made by other observers or the findings on CT. 

The assessments were subsequently compared with the results 
of the post-operative CT scans. These had been previously analyzed 
by two independent observers who had to come to a common con- 
clusion concerning the screw positions. According to this "gold 
standard", the readings of the five observers in this study were 
rated into one of four categories for all mentioned orientations: 

True-positive: screw was assessed "out" on radiograph and CT 
True-negative: screw was assessed "in" on radiograph and CT 
False-positive: screw was assessed "out" on radiograph, but "in" 
on CT 
False-negative: screw was assessed "in" on radiograph, but "out" 
on CT 

Results 

C T  recons t ruc t ions  

O n  C T  r econs t ruc t i ons  14 ped i c l e  co r t ex  v io l a t i ons  in the  

t r ansverse  p l ane  w e r e  de tec ted ,  9 o f  t h e m  la tera l  (Table  
1). O n e  s c r ew  pe r fo r a t ed  the ped i c l e  infer ior ly .  T h e  rate o f  
sc rews  pe r fo ra t ing  the  ped i c l e  by  m o r e  than 2 m m  was  
5%.  In  o n l y  one  case  was  the  pedicul,  ar co r t ex  pene t ra t ed  
by  m o r e  than  4 ram.  

A n t e r i o r l y  65 v io l a t i ons  o f  the  ve r t eb ra l  co r t ex  w e r e  
o b s e r v e d  (54 .6% o f  all  sc rews) .  T h i r t y - f i v e  s c r ew  tips 
w e r e  l oca t ed  m o r e  than  2 m m  out  o f  the ve r t eb ra l  body.  

P la in  r ad iog raphs  

T h e  o b s e r v e r ' s  r ead ings  o f  the p la in  r ad iog raphs  are  sum-  
m a r i z e d  in Tab le  2. T h e  n u m b e r  o f  s c r ews  f o u n d  to per fo -  

Table 2 Screw perforations as detected on post-operative radi- 
ographs (upper line) and follow-up radiographs (lower line). Sec- 
ond number indicates the screws with perforation > 4 mm. (Ob- 
server 1 : spine surgeon; observer 2: resident; observer 3: resident; 
observer 4: spine fellow; observer 5: neuroradiologist) 

Medial Lateral Superior Inferior Anterior Total 

Obs 1 - 3/-  1/- 4 / -  33/6 41/6 
- 1/- 2/2 2/1 25/3 30/6 

Obs 2 1/- - - 6/1 23/6 30/7 
- - 1/- 1/- 20/6 22/6 

Obs 3 1/- 18/1 5 / -  16/1 35/5 75/7 
- 5/-  4/1 5 / -  20/2 34/3 

Obs 4 - - - 8/2 41/5 49/7 
- - 4 / -  2/2 35/2 41/4 

Obs 5 35/1 2/-  22/-  34/1 33/3 126/5 
44/-  - 23/2 31/-  42/-  140/2 

rate  cor t i ca l  b o n e  v a r i e d  c o n s i d e r a b l y  a m o n g s t  the  di f fer-  
en t  observers .  O n l y  a sma l l  p ropo r t i on  o f  pe r fo ra t ions  
were  t hough t  to be  o f  a m a g n i t u d e  g rea te r  than 4 ram.  

M o r e  pe r fo ra t ions  w e r e  seen  on the  p o s t - o p e r a t i v e  f i lms.  
A m o n g s t  all  observers ,  16 sc rews  w e r e  assessed  e q u i v -  

alently.  A l l  o thers  w e r e  ra ted  d i f fe ren t ly  in at leas t  one  di-  
r ec t ion  by  at leas t  one  observer .  O n e  s ing le  o b s e r v e r  as- 

sessed  61 .5% of  sc rews  ( range  3 4 % - 7 6 . 4 % )  the  s a m e  on  
both  the p o s t - o p e r a t i v e  and the f o l l o w - u p  f i lms;  30 .7% 
o f  sc rews  ( range  2 0 . 8 % - 4 1 . 5 % )  w e r e  ra ted  d i f fe ren t ly  in 

one  d i rec t ion ;  5 .8% ( range  0 . 9 % - 1 6 . 0 % )  in two;  and 
1.9% ( range  0 % - 8 . 5 % )  in three.  

Co r r ec t  a s se s smen t s  

Overa l l ,  84 .7% ( range  7 3 . 8 % - 9 0 . 4 % )  o f  the r ead ings  
w e r e  correc t ,  i.e. t r ue -pos i t i ve  or  t rue -nega t ive ,  on  the 
p o s t - o p e r a t i v e  and 86 .0% ( range  7 2 . 8 % - 9 0 . 4 % )  on  the 
f o l l o w - u p  f i lms  (Table  3). Th is  d i f f e r ence  was  not  stat ist i-  
ca l ly  s ign i f i can t  (P = 0.13).  O n  the  p o s t - o p e r a t i v e  f i lms ,  
4 0 . 8 %  o f  implan t s  w e r e  a s sessed  co r rec t ly  in all  d i rec-  
t ions  ( range  1 4 . 3 % - 5 6 . 3 % )  and on the  f o l l o w - u p  f i lms  
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Table 3 Percentage of correct reading of all five assessed direc- 
tions (pos perforations, neg bony integrity) 

Post-op Follow-up 

Obs 1 Total 89.4 90.2 
Pos 36.3 34.9 
Neg 97.7 98.5 

Obs 2 Total 85.9 87.7 
Pos 17.5 18.8 
Neg 96.5 98.0 

Obs 3 Total 84.2 89.0 
Pos 38.8 31.9 
Neg 91.3 97.6 

Obs 4 Total 90.4 90.4 
Pos 53.3 42.0 
Neg 96.0 97.6 

Obs 5 Total 73.8 72.8 
Pos 32.5 49.3 
Neg 80.2 76.4 

Table 4 Percentage of screws 
that were assessed correctly in 
all five directions 

Post-op Follow-up 

Obs 1 56.3 57.5 
Obs 2 37.8 45.3 
Obs 3 39.5 53.8 
Obs 4 56.1 60.4 
Obs 5 14.3 17.9 

Fig. 1 A Antero-posterior and lateral plain radiographs and B L5 
CT scan slice of a patient having undergone monosegmental L5-S 1 
posterior stabilization. Four of the five observers did not recog- 
nized the lateral perforation of the left L5 screw (arrow) but four 
out of five saw the perforation of the anterior cortex. Interestingly, 
at the level below (S1) the left screw tip was though to be not per- 
forating by two observers 

47% (range 17.9%-60.4%) (Table 4). Under the hypothe-  
sis of  a higher accuracy on the fol low-up films a one- 
tailed t-test analysis was used. This showed that fol low-up 
films provided a significantly higher precision of  implant 
assessment than immediate post-operative films (P < 0.03). 

Perforations, as observed on the CT reconstructions, 
were recognized in 35.6% of  cases (range 17.5%-53.3%) 

on the post-operative plain radiographs. The correspond- 
ing figure of  these true-positive findings on the follow-up 
films was 35.4% (range 18.8%-49.3%).  Neither the direc- 
tion of  malplacement  nor the vertebral level correlated 
with the accuracy of  assessment. 

Screw tips violating the anterior vertebral cortex were 
recognized in 22.7% of  plain radiographs (range 6 . 7 % -  
50%) when perforations were 2 m m  or less. The rate of  
detection increased to 47.4% (range 21 .1%-68.4%) with 
perforations between 2 and 4 mm, 66.7% (range 41 .7%-  
83.3%) with perforations between 4 and 6 mm, and 80% 
(range 50%-100%)  with perforations of  more than 6 mm. 
A highly significant correlation between the magnitude of  
perforation and its detectability was shown (r 2 = 0.9826; 
corresponding P < 0.01). 

Discussion 

Value of  CT reconstruction 

The importance of  pre-operative CT scanning for the 
analysis of  pedicle morphology is doubtless. Good corre- 
lation has been shown between CT scans and direct 
macroscopic  findings in in vitro studies [3, 8, 10]. The de- 
termination of  the transverse pedicle angulation and the 
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selection of the appropriate screw diameters are thereby 
of particular interest [2, 12]. 

Post-operative CT investigations have been performed 
to assess malplacement rates for pedicle screws with the 
implant in situ [3, 6, 12]. These studies and further com- 
parisons with in vitro specimens have shown that CT scan- 
ning is a reliable tool to document pedicle screw position. 
Our study therefore did not further analyze or question the 
CT readings. Occasionally, however, pedicular integrity 
assessment may be difficult owing to artifacts around stain- 
less steel implants. Accordingly, some authors have inves- 
tigated the bony structures after melal removal [7, 15]. In 
the present study only titanium screws have been analyzed 
to minimize the effects of scatter artifacts. Nevertheless, 
some screws in this study with a "0 to 2-mm perforation" 
should be regarded as only questionably "out". In these 
cases the integrity of the cortical bone could not be deter- 
mined conclusively either owing to rest artifacts or very 
small pedicles. However, the clinical significance of such 
minimal perforations seems also somewhat questionable. 

Malplacement rate on CT reconstructions 

This study is characterized by a small number of malplace- 
ments, with only one screw (0.8%) violating the pedicular 
cortex by more than 4 mm. The 4-ram range is of special 
interest, as a canal encroachment by this margin has been 
regarded as tolerable due to the "safe zone" of epidural 
and subarachnoidal space [6]. Other CT-based studies have 
reported rates of medial displacement by more than 4 mm 
of between 6.6% and 10.6% [3, 6]. The improved accuracy 
in our study is primarily due to computer-assisted visualiza- 
tion of the pedicle canal preparation [1, 14]. Accordingly, 
for the purpose of the present study~ a selection bias may 
have been introduced, the low perforation rate decreasing 
the change of a "true-positive" or "false-negative" finding. 

The perforation rate of the anterior vertebral cortex in 
our study was 54.6%. This may be ascribed to the fact that 
28 screws were placed in S 1, where the anterior cortical 
bone is intentionally engaged. Biomechanical studies have 
shown that purchase of the anterior sacral cortex can in- 
crease the pull-out strength of the screw by up to 60% 
[18]. The relatively high perforation rate at other levels, 
however, reflects the fact that computer assistance at this 
stage may be less accurate in determining the precise 
depth of canal preparation [1]. 

Comparison of accuracy 
on conventional radiographs and CT 

For intra-operative assessment, routine antero-posterior 
radiographs have been shown unreliable in defining pedi- 
cle screw position [17]. Accordingly, oblique images along 
the pedicle axis have been proposed to increase accuracy 
[ 16]. Learch et al. [9] found that 45° of oblique films did 

not supply any additional information. Shallow oblique 
films were regarded as more useful as they approximate 
more closely the transverse pedicle axis. 

Additional studies have used post-operative conven- 
tional radiographs for accuracy assessment. The malplace- 
ment rates reported in these studies were between 5% and 
10% and appeared to be underestimating when compared 
to CT scan assessments [4, 13]. Our study confirms these 
findings. Only one-third of all CT-detectable perforations 
were recognized on the plain films (true-positive find- 
ings). Farber et al. [5] found that screws with medial pen- 
etration were difficult to identify on plain radiographs. 
Three of our observers found between none and three 
screws perforating the pedicular cortex in the transverse 
plane (Table 1). In addition, these screws were all differ- 
ent than those 14 actually injuring the pedicle cortex ac- 
cording to the CT reconstructions. Furthermore, it appears 
quite difficult to assess correctly the magnitude of cortical 
perforation. Accordingly, the data presented here reflect 
whether a screw was recognized simply as "perforating". 

Detection of anterior vertebral cortical perforation cor- 
related significantly with the magnitude of perforation. 
Vertebral shape and size have to be taken into account. 
Due to the anterior convexity of the vertebral a screw not 
placed in the midsagittal plane may perforate the anterior 
cortex without detection on lateral radiographs. With 80% 
apparent penetration of the vertebral body on a true lateral 
radiograph 30% probability of actual anterior cortex pen- 
etration exists at L4. A true lateral roentgenogram there- 
fore has been regarded as inaccurate for determining the 
penetration of an anterior cortex by a screw tip [19]. 

The inter-observer variability in this study was consid- 
erable. Only 13.8% of screws were assessed equivalently 
by all observers. This figure is even lower than compara- 
ble data given in literature [5, 17]. However, the men- 
tioned studies considered a smaller number of observers 
and assessed one criterion only, namely, whether a pedicle 
screw was "in" or "out". Our study analyzed five potential 
directions of malplacement separately. This also partly ex- 
plains the large intra-observer variability between post- 
operative and follow-up films. 

Conclusion 

Plain antero-posterior and lateral radiographs taken post- 
operatively and at 3 months' follow-up insufficiently as- 
sess pedicle screw placement. In the medio-lateral direc- 
tion, only a fraction of perforating screws is recognized. 
Differences amongst observers are considerable. The de- 
tection of anterior cortical screw perforation depends di- 
rectly on the magnitude of perforation. Such magnitude 
can not be properly assessed on plain radiographs. 

In cases where accurate information regarding screw 
position is vital, e.g., patients with post-operative neuro- 
logical deficits, CT scans should be performed. 
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Debate  continues on the cl inical  effec- 
t iveness  and safety of  ped icu la r  screw 
f ixat ion for spinal  disorders.  In this 
con tempora ry  study, the authors have 
found that plain radiographs  were un- 
rel iable to detect correct  pedicle  screw 
posi t ioning and that interobserver vari- 
ance in in terpre t ing  the r ad iographs  
was considerable.  Although these find- 
ings are wel l  suppor ted  by  the data  
p rov ided ,  this inves t iga t ion  necess i -  
tates some c o m m e n t s  to avo id  mis -  
unders tandings  and mis in terpre ta t ion  
of  the data. 

The fact that 80 out of  119 screws 
(67%) have perfora ted the pedic le  or 
the  v e r t e b r a  shou ld  r i se  s o m e  con-  

cerns on the safety of  these implants .  
Pedic le  screws can j eopard ize  neural  
structures par t icular ly  when they per- 
forate  the ped ic l e  at its med ia l  and 
inferior  border,  because of  the existing 
nerve  root .  In this study, 15 screws 
(13%) v io la ted  the pedic le ,  six of  
those per fora ted  at the media l  or infe- 
r ior border. Only one screw was out of  
the pedic le  for more than 4 m m  which 
occurred at the lateral  border  of  the 
pedic le  where  neural  compromise  is 
less f requent ly  found. The authors did  
not observe any neurological  compro-  
mise  which  suggests  that minor  per-  
forat ions of  the pedic le  (< 2 mm) re- 
m a i n  wi thout  c l in ica l  consequences .  

The most  frequent perforat ion site was 
anterior, where  65 screws (55%) vio-  
lated the anterior  cortex. At  this site, 
pene t ra t ing  screws can lacera te  the 
great  abdomina l  vessels  which  would  
present  as a disastrous compl ica t ion .  
A s  m e n t i o n e d  in the paper ,  sc rew 
p lacement  through the anterior  cortex 
is often intent ional ly  per formed  in the 
light of  an increased pull-out  strength. 
However ,  a perfora t ion  of  more  than 
4 m m  which  occur red  in 13% was 
most  l ike ly  not  in tended by  the sur- 
geons.  Al though  there is in general  a 
safety margin  of  about  5 - 1 0  mm, the 
surgeon should be wel l  aware  that the 
pene t ra t ion  depth  o f  the screw can 


