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Preoperative 99mTc-MDP scintimetry of 
femoral neck fractures 

Preoperative BmTc-MDP-scintimetry was performed in 117 patients with 
femoral neck fractures. Scintimetry was shown to be superior to visual 
evaluation. The ratio was calculated of the uptake in the femoral head of 
the fractured side over that in the unfractured side, with compensation for 
the increased trochanteric femoral activity found on the fractured side. A 
ratio above 0.90 correlated well with uneventful healing in both un- 
displaced and displaced fractures. Preoperative scintimetry is of great 
value in the choice of primary treatment of femoral neck fractures. 
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Complications after nailed femoral neck frac- 
tures are still a challenge to the orthopaedic 
surgeon. The search for a reliable method of 
assessing the viability of the femoral head 
after fracture, and to determine the prognosis, 
has involved numerous investigations (Tucker 
1950, Hulth 1956, Johansson 1964, Miiss- 
bichler 1970). 

In previous studies where 99mTechnetium-la- 
belled compounds have been used to determine 
femoral head viability after neck fractures, the 
studies have mainly been performed postope- 
ratively (D'Ambrosia et al. 1978, Bauer et al. 
1980, Oda et al. 1980). Recently, Stromqvist 
(1983) has shown 99mTechnetium-methylene- 
diphosphonate (99mTc-MDP) scintimetry to be 
of clinical value. Postoperative investigations 
within 3 weeks could discriminate between 
fractures with a good prognosis for healing and 
those prone to complications. 

So far, there have been only a few reports on 
series using 9gmTc-compounds as preoperative 
prognostic indicators of femoral neck fractures 
(Meyers et al. 1977, Lucie et al. 1981, Strom- 
qvist 1983), and they lack long-term follow- 
ups. The main purpose of this study was to  
determine the prognostic significance of pre- 
operative *"Tc-MDP scintimetry in the treat- 
ment of femoral neck fractures. 

Material and methods 
This prospective study included 152 patients with 
152 intracapsular femoral neck fractures admitted 
soon after fracture to the Department of Orthopaedic 
Surgery a t  the University Hospital of Danderyd, 
Sweden, from December 1978 through May 1980. 
Patients with a history of bilateral fractures, endo- 
prosthetic replacement or other pathological condi- 
tions of the contralateral hip were excluded from the 
study. 

Treatment 
Pin traction was applied immediately on dislocated 
fractures with the leg resting on a sledge, to start 
reduction. The fractures were operated on with 
nailing according to Rydell(1964) in 143 cases, with 
a Pugh (1955) nail in one case, and in eight cases a 
primary hemiarthroplasty was performed. Most pa- 
tients were operated on the same day as the scin- 
timetry was done. The patients were allowed full 
weight-bearing on the fractured leg from the day 
after operation. 

Tc-99m-MDP 
The scintimetry 

scintimetry 
was performed on the day of frac- 

ture in two patients, on the day after fracture in 76 
patients, a t  2 days after fracture in 20 patients, a t  3 
days after fracture in 16 patients, a t  4 days after 
fracture in two patients and at  6 days after fracture 
in one patient. Each patient was given an intra- 
venous injection of 370 MBq (10 mCi) Wechnetium- 
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Figure 1. Method of selecting regions of interest (RI) A and B, and regions of interest of reference (RIR) C and D. 

methylene-diphosphonate (99mTc-MDP). Detailed 
images of the pelvis, including the upper third of 
both femurs, were recorded 3-4 h after the injection. 
A gamma camera (General Electric Maxi) with a 
parallel hole collimator connected to a nuclear data 
system (Gamma 11 System) was used to allow stor- 
age of the images for display and analysis. An X-ray 
unit (Multi-Imager-7) connected to the computer was 
used to record the scintigraphic images on X-ray film 
for visual, qualitative evaluation. Average counts 
from equally sized regions of interest (RI) over the 
femoral heads were recorded by the computer. In 
order to exclude the difference of uptake between 
right and left femur, another region of interest of 
reference (RIR) was selected on both femurs a t  the 
level of the small trochanter (Figure 1). The RI and 
RIR comprised a square area of nine by nine or ten 
by ten elements (pixels) from a 128 x 128 matrix. 
The quotient of the recorded (A) divided by the ex- 
pected (A,) uptake of the fractured side head was 
named the SH-ratio and expressed as follows: 

A 
SH ratio = - 

A1 

B x C  
where A, =-. 

D '  

B = average counts in RI of intact side; 
C = average counts in RIR of fractured side; 
D =average counts in RIR of intact side. 

1 = strongly increased activity; 
2 = increased activity; 
3 = bilateral, equal activity; 
4 = decreased activity; 
5 = strongly decreased or no activity. 

FOIIOW-UP 
Included in the follow-up study were 117 patients out 
of 152. For reasons given in Table 1,35 patients were 
excluded. The remainder comprised 98 females and 
19 males with a mean age of 73 (38-99) years. Gar- 
den's classification (1961) was used to determine the 
preoperative fracture displacement, although stages 
I and I1 were combined as undisplaced fractures and 
stages I11 and IV as displaced fractures. Routine AP 
and lateral radiographs of the fractured hip were 
obtained on admission, directly postoperatively and 
a t  6,12 and 24 months postoperatively or until radio- 
graphic evidence of complications such as redisplace- 
menunon-union or segmental collapse (Brown & 
Abrami 1964) was registered. The average follow-up 

Table 1. Reasons for exduding 35 patients from the follow- 
up study 

No. of 
patients 

The quantitative evaluation was expressed as a 
ratio, to two decimal places. 

The qualitative evaluation was assigned to five 
categories, as follows: 

Dead 22 
Primary arthroplasty 0 
Not possible to evaluate scintimetry 3 
Refused follow-up 2 
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period was 26 months for healed fractures, 6 months 
for redisplacementhon-union and 16 months in the 
group with segmental collapse. 

ratio 

Statistical methods 
The computing was done on a UNIVAC 1100/80 at 
Lund University Computing Centre. Regression 
analysis, Student's t-test and the Chi-square test 
with Yates' correction were used. The following 
levels of significance were used: *** = p < 0.001; ** 
= 0.001 < p < 0.01; * = 0.01 < p < 0.05; and NS = p 
> 0.05. 

Results 
Classification of the fractures according to 
Garden's system is shown in Table 2. There 
were 29 undisplaced fractures and 88 displaced 
fractures. 

The range for the time of definite radio- 
graphic evaluation was 1 3 3  months, average 
26 months. Most (27/32) of the re-dislocations 
or non-unions were diagnosed before 12 
months had elapsed, whereas the majority (171 
20) of the segmental collapses were not obvious 
until after 12 months. Between 6 and 12 
months after fracture, three segmental col- 
lapses were diagnosed. When the definite 
radiographic evaluation was made, 65 patients 
had a healed fracture in an unchanged position 
and 32 patients had an early redislocation or 
non-union. A healed fracture with visible seg- 
mental collapse of the femoral head was found 
in 20 patients. Thus, the ratio uncomplicated 
versus complicated outcome was 65/52 (Table 
3). 

The eight patients operated with a primary 
hemiarthroplasty were all women, with a 
mean age of 81 years. Seven fractures had 
complete displacement (Garden stage IV) and 

Table 2. Distribution of femoral neck fractures according to 
Garden's classification 

Stage No. of No. of 
fractures fractures 

29 

88 

I 
I I  
111 
IV 51 

Table 3. Outcome of femoral neck fractures in the follow-up 
study 

Total % Follow-up time 

Months Range 

Uneventful healing 65 (56) 26 (21-33) 

Segmental collapse 20 (17) 16 (7-26) 
RedisplacemenVnon-union 32 (27) 6 (1 -24) 

one had a moderately displaced (stage 111) frac- 
ture. The mean ratio for seven of those cases 
was 0.67, equalling the average for displaced 
fractures with complications. In one case the 
ratio was 1.04, representing a normal value. 

An arthroplasty had been performed in 34 of 
the 52 patients with a complicated outcome. 
Three further patients were scheduled for ar- 
throplasty, four patients did not want any fur- 
ther operation and two were not operated be- 
cause of their generally bad condition. Nine 
patients had died before a planned arthro- 
plasty. 

The correlation between the quantitative 
and qualitative evaluation is shown in Figure 
2. The correlation between the preoperative 
scintimetry ratio for all the femoral neck frac- 
tures and the outcome found after 2 years is 
shown in Figure 3. A good discrimination be- 
tween uncomplicated and complicated healing 
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Figure 2. Correlation of SH-ratio and visual evaluation in the 
follow-up study. For visual grading and SH-ratio, see text. 
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Figure 3. Distribution of SH-ratio according to outcome of the 
femoral neck fractures in the follow-up study. 0 = uneventful 
healing, A = non-union, A = early redisplacement, 0 = 
segmental collapse. For SH-ratio. see text. 

was found, with the majority of uncomplicated 
patients having a preoperative scintimetry 
ratio above 0.90. Also, the majority of patients 
showing a complicated outcome had a pre- 
operative scintimetry ratio below 0.90; below 
0.70, only a complicated outcome was found. 
The mean value for cases with uncomplicated 
healing was 1.08, for redisplacementhon- 
union 0.66 and for segmental collapse 0.70. 
When the fractures were divided according to 
the radiographic examination into non-dis- 
placed and displaced fractures, the same main 
pattern persisted (Figure 4). The mean values 
for various subgroups are shown in Table 4. 
The mean ratio for undisplaced fractures was 
found to be higher than that for the displaced 
fractures with corresponding outcome, except 
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Figure 4. Distribution of SH-ratio for non-displaced and 
displaced fractures according to outcome of femoral neck 
fractures. For SH-ratio and explanation of symbols, see 
Figure 3. 

for the subgroup redisplacementlnon-union, 
but the difference was not significant for the 
subgroups. Both for undisplaced and displaced 
fractures, a significant difference (p < 0.001) in 
mean ratio was found between uncomplicated 
outcome and redisplacementhon-union or seg- 
mental collapse. This was also found for all 
fractures. In the undisplaced fractures, only 
four of 29 had a complicated outcome, whereas 
in the displaced fractures 48 of 88 had a com- 
plication (p < 0.001). 

Discussion 

In clinical practice, radionuclide imaging is 
widely used to evaluate activity in bone tissue. 
The two most important factors influencing 

Table 4. Mean SH-ratio 2 SO in the follow-up study. Number of patients in parentheses. U and R indicate significance versus 
uncomplicated and redisplaced fractures respectively. For significance levels, see methods 

Uncomplicated Redisplacement/ Segmental Total 
healing non-union collapse 

Undisplaced 

Displaced 

Total 

1.1 1 f0.21 (25) 0.50 (1) 0.72k0.07 (3) 1.05kO.26 (29) 

1.06fO.17 (40) 0.67k0.20 (31) 0.69k0.28 (17) 0.85k0.28 (88) 

1.08f0.19 (65) 0.66+0.20 (32) 0.70k0.26 (20) 0.90f0.29 (1 17) 

U" 

U"' U"' R NS 

U"' U"' R NS 
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the accumulation of radionuclide agents are 
the integrity of blood supply and the rate of 
bone turnover, blood flow being the main fac- 
tor (King et al. 1977). Thus, a decrease or ab- 
sence of blood perfusion to a region of bone will 
influence the uptake of the radionuclide in that 
region and a “cold” area will be apparent (Geor- 
gen et al. 1973, Siege1 et al. 1976). 

It is evident from the present investigation 
that 99”Tc-MDP-scintimetry is a powerful 
method of evaluating the vascular condition in 
the femoral head aRer a femoral neck fracture. 
Good correlation of the SH-ratio above 0.90 
and uneventful healing was found, except for 
three fractures. Similarly for an SH-ratio be- 
low 0.90 a complicated outcome was found, 
such as redisplacementlnon-union or segmen- 
tal collapse in the majority of cases. However, 
three cases with a ratio below 0.90 healed 
without complication on X-ray check-up a t  24 
months. Those cases will be followed further 
since 20 per cent of late segmental collapses 
are detected after 24 months (Massie 1973, 
Calandruccio 1980). When the material was 
split into non-displaced and displaced groups of 
the non-complicated cases, somewhat lower 
mean ratios were seen for the displaced frac- 
tures. The difference might be explained by a 
greater disturbance of the blood supply in dis- 
placed fractures (Sewitt 1964, Miissbichler 
1970). After reduction of a femoral neck frac- 
ture, some improvement of the vascularization 
has been achieved (Miissbichler 1970). The 
three false positive cases all had incorrect nail- 
ing. 

Differences of radionuclide accumulation, 
with a higher uptake in the femur on the frac- 
tured side, could be observed both quan- 
titatively and qualitatively (Figure 1). The ex- 
planation of this finding seems to be the hyper- 
metabolism occurring immediately after the 
injury. This difference was considered and 
compensated for when the femoral head ratio 
was calculated, stressing the importance of a 
region of reference in preoperative scintimetry 
of femoral neck fractures. 

The regions of interest and ratio calculation 
used in the present investigation have been 
compared (Holmberg et al. 1984) to those used 
in postoperative SYmTc-MDP scintimetry of 
femoral head circulation (Stromqvist 1983). 

The SH-ratio as used here was found to dis- 
criminate best in these preoperative, early in- 
vestigations. 

The correlation of qualitative and quantita- 
tive evaluation found here was inferior to that 
of Stromqvist (19831, who reported a good cor- 
relation. This could partly be explained by the 
facts that many different radiologists evalu- 
ated the present scintigrams, and that some of 
the scintigrams were evaluated from Polaroid 
pictures. The most important outcome of this 
correlation study was, however, the inexact- 
ness of visual evaluation compared to numeri- 
cal evaluation. Thus, numerical evaluation of 
radionuclide images should be carried out. 

Non-union is very seldom seen in non-dis- 
placed fractures, but it is the most common 
complication in displaced fractures, amounting 
to 15-35 per cent according to previous inves- 
tigations (Banks 1962, Garden 1971, Arnold et 
al. 1974, Barnes et  al. 1976). A somewhat dif- 
ferent pattern has been reported regarding the 
incidence of segmental collapse. In non-dis- 
placed fractures, the frequency is 10-20 per 
cent and in displaced fractures 15-30 per cent 
(Massie 1973, Barnes et al. 1976, Bently 1980). 

In the present study only one of the non- 
displaced fractures resulted in non-union, but 
as many as 35 per cent (31/88) of the displaced 
fractures developed redisplacementlnon-union. 
Since early displacement of nailed fractures 
can mainly be referred to as technical failure 
(Soreide et  al. 1979), eight fractures with this 
complication might be excluded, reducing the 
rate of non-union to 26 per cent, which is com- 
parable to previous investigations. Segmental 
collapse occurred in 3/29 of the non-displaced 
fractures and in 17/88 of the displaced frac- 
tures. As compared to findings reported in pre- 
vious studies, even these figures agree well. 

This study has demonstrated that preopera- 
tive scintimetry is a powerful diagnostic and 
prognostic tool to  determine the viability of the 
femoral head at  an early stage. 
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