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Radionuclide scintimetry for diagnosis

of complications following femoral

neck fracture

A scintimetric study using Tc-99m MDP was made of 54 patients with de-
layed union, nonunion, or late segmental collapse of the femoral head,
4-92 months after femoral neck fracture. In radiographically verified col-
lapse, the radionuclide uptake ratio between the femoral head on the frac-
tured and on the intact side (HHR) was significantly higher than in frac-
tures resulting in delayed union or nonunion. On the basis of scintimetric
and radiographic findings, the patients with healing disturbances could be
divided into three groups, characterized by the following features: (1) Sat-
isfactory post-reduction position of the fracture without subsequent redis-
placement and a high HHR, which as a rule turned out to be delayed
union; (2) The same radiographic pattern but with a lower HHR, which in
most cases resulted in nonunion; (3) Inadequate reduction or early redis-
placement of the fracture with a high HHR, which resulted in nonunion.
The fractional precision in discriminating between different types of dis-
turbed fracture healing by means of skeletal scintimetry was 0.86 in this
study. This non-invasive and technically simple method would therefore
be a valuable complement to radiography in the assessment of healing,
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more than 4 months after fracture of the femoral neck.

Impaired vascular supply to the femoral head
is the major factor causing late complications
after femoral neck fracture (Hulth 1958, 1965,
Stromqvist 1983), although the degree of dis-
placement of the fracture has also been dis-
cussed in this context (Garden 1971, Massie
1973, Arneldi & Lemperg 1977, Thorling 1980,
Kofoed & Alberts 1980). Radionuclide scin-
timetry using Technetium-99-m-labelled phos-
phate compounds as tracers is a non-invasive
and technically simple method of assessing
femoral head vascularity and vitality.

Most studies of femoral neck fractures uti-
lizing radionuclides have been concerned with
the risk of late segmental collapse of the fem-
oral head. Owing to revascularization and re-
modelling of the initially avascular head, the
results of scintimetry are dependent on the
time lapse after injury. Many authors (D‘Am-
brosia et al. 1975a, b, Stadalnik et al. 1975, As-
nis et al. 1976, Lucie et al. 1981, Stréomgqvist
1983) have observed a markedly enhanced ra-
dionuclide uptake in the femoral head in frac-
tures with late complications (more than 2
months postoperatively), in contrast to the re-

duced activity observed in the immediate post-

fracture period.

The present study focused on the following
questions:

(1) Are there differences in the results of scin-
timetry when fractures resulting in non-
union and delayed union are compared with
those resulting in late segmental collapse of
the femoral head?

(2) Can scintimetric assessment of vascularity
more than 4 months after femoral neck
fracture in combination with clinical and
radiographic data provide information
about the possible causal relationship be-
tween the development of late complica-
tions and a) the quality of reduction and b)
the vascular supply to the femoral head?

Patients and methods
Patients

The series included 54 patients with Garden Type II1
and IV displaced femoral neck fractures with clinical
and/or radiographic signs of complications 4-92
months after injury. All had been primarily operated
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on with reduction and internal fixation of the frac-
ture, in 43 cases with multiple pinning by the Ny-
strém method and in 11 by other multiple pinning or
single nail techniques. All patients had pain on
weightbearing and radiographic changes consisting
in deformity of the weightbearing portion of the fem-
oral head, a still visible fracture line, or progressive
resorption of the femoral neck. The average age of
the patients was 68 (37—88) years, and 45 were wo-
men. In the 49 cases in which the exact date of injury
was known, the average delay between fracture and
operation was 1.8 (1-7) days. Patients with disorders
of the contralateral hip were excluded from the
study.

In addition to routine postoperative clinical and ra-
diographic examinations, all patients were included
in a scintimetric study and radiographic examin-
ation 4-92 months postoperatively.

Scintimetry

Scintimetry of the skeleton was performed 34 h fol-
lowing intravenous injection of 400 MBq of Tech-
netium-99m  methylene-diphosphonate  (Tc-99m
MDP), with the patient in the supine position and
the hip joints in internal rotation. The distribution of
the radionuclide was recorded anteriorly with
400 000 counts over the pelvis and hip joints with a
General Electric 400 T or 535 gamma camera equip-
ped with a high resolution large-field 200 KeV col-
limator. A digital equipment FPF 11/34 Gamma 11
computer system was used for storage and process-
ing of the data, and numerical assessment of radio-
nuclide activity was obtained from the Gamma 11
display screen. The radionuclide uptake was re-
corded for 2 X 2 pixel regions of interest (ROI) located
bilaterally over the upper and lower parts of the fem-
oral head and over the femoral neck. Depending on
the degree of magnification, the side of the ROI var-
ied from 6.3 to 4.8 mm. Following determination of
the mean value of the uptake levels over the two ROI
in each femoral head, the uptake ratio between the
femoral head on the fractured and the contralateral
side (“head-to-head ratio” = HHR) and that between
the femoral head and neck on the fractured side
(“head-to-neck ratio” = HNR) were calculated.

In order to evaluate the methodological error in
this quantitative assessment of radionuclide uptake
in the femoral head, two separate determinations
were made in 10 patients. .

The average time interval between fracture and
scintimetry was 10 (5-27) months for nonunion, 9
(4-21) months for delayed union and 29 (10-92)
months for late segmental collapse patients.

In 22 patients with nonunion, a secondary hip ar-
throplasty was performed on average 12 (5-32)

months after fracture, and for seven patients with
late segmental collapse 33 (10-94) months after frac-
ture.

Radiographic examination

The AP and lateral views obtained at the time of
scintimetry were compared with the initial and sub-
sequent postoperative follow-up radiograms. For five
patients the initial radiograms were missing.

Reduction was defined as inadequate in fractures
with a Garden (1961) alignment index of less than
155° or more than 185° in either the AP or lateral
view and/or an ad latus displacement of more than
one-fourth of the diameter of the femoral neck. In
the remainder of fractures, reduction was considered
acceptable. Early redisplacement was defined as a
loss of reduction with shortening and external ro-
tation of the distal fragment within 2 months postop-
eratively. Patients with initially adequate fracture
reduction and no subsequent redisplacement were
classified as belonging to a radiographically favour-
able group, whereas the remainder were classified as
less favourable.

Diagnosis and late complications

The primary diagnosis of late complications was
based on radiographic criteria. Thus healing distur-
bances were defined as a still visible fracture line or
more than 10 mm progressive resorption of the fem-
oral neck 4-21 months postoperatively. Late seg-
mental collapse was defined as localized or general
deformity of the weightbearing portion of the fem-
oral head after fracture healing.

Table 1. Head-to-head ratio (HHR) and head-to-neck ratio
(HNR) (mean + SD) of radionuclide uptake in relation to final
diagnosis and radiographic features

Radiology Final diagnosis
Nonunion Delayed Segmental
union collapse
(n=26) (n=11) (n=17)
Favourable (n=7) (n=11) (n=14)
HHR 1.72+035 2.06+0.44 2.7010.71
HNR 0.89+0.28 1.24+0.49 1.68+0.66
Less favourable (n=19) (n=0) (n=3)
HHR 2.22+0.76 - 3.03+1.04
HNR 0.97+0.35 - 1.71+1.23
All
HHR 2.09+0.70 2.06+0.44 2.76+0.75
HNR 0951+0.33 1.24+049 1.69+0.73
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Figure 1. Radiogram of the left hip showing nonunion and
scintigram of the pelvis demonstrating only slightly increased
activity in the left hip. Head-to-head ratio 1.58.

Figure 2. Radiogram of the left hip showing nonunion and
scintigram of the pelvis demonstrating enhanced activity in
the left hip. Head-to-head ratio 3.08.
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Pain on weightbearing was experienced by all 54
patients in the series, but gradually subsided in the
11 patients with delayed union from 4 months pos-
toperatively, and consolidation of the fracture was
radiographically verified 10-24 months postopera-
tively. The final diagnosis of nonunion and late seg-
mental collapse of the femoral head was based on ra-
diographic criteria in combination with continued or
recurrent pain on weightbearing, and in 29 cases
also on the findings at secondary arthroplasty.

Results

The final diagnosis was nonunion in 26 pa-
tients, delayed union in 11, and late segmental
collapse in 17. Secondary hip arthroplasty was
performed in 29 patients and confirmed the
preoperative diagnosis of nonunion in 22 and of
late segmental collapse after fracture healing
in seven patients.

The methodological error in determining the
scintimetric activity, expressed as a percent-
age of the mean for each ratio, was 10 per cent
for the HHR and 18 per cent for the HNR.

The HHR for the entire series was 2.29 +
0.73 (1.18-3.93) and the HNR 1.24 + 0.61

Figure 3. Radiogram of the left hip showing late segmental
collapse and scintigram of the pelvis demonstrating
enhanced activity in the left hip. Head-to-head ratio 3.18.

(0.47-3.13). The HHR was higher in the group
with late segmental collapse than in the non-
union (p = 0.005) and delayed union groups
(p = 0.005). The HNR was lower in the non-
union group as compared to the groups with
delayed union (p < 0.05) and late segmental
collapse (p < 0.001) (Table 1).

Patients with less favourable radiography
dominated in the nonunion group (19/26), as
compared to the groups with late segmental
collapse (3/17) and delayed union (0/11)
(p < 0.001). Analysis of the two uptake ratios
showed a difference (p < 0.05) in mean HHR
between the radiographically favourable (1.72)
and less favourable cases (2.22) only in the
nonunion group. No corresponding difference
was found for the HNR (Table 1).

Three typical sets of radiographic and scin-
timetric findings were: nonunion with rela-
tively slightly increased activity in the femoral
head (Figure 1), nonunion with more enhanced
activity (Figure 2), and late segmental collapse
with strikingly high activity in the femoral
head (Figure 3).

Late segmental collapse could be diagnosed
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in all 17 cases at the radiographic examination
performed at the same time as scintimetry. On
the basis of the available radiographic infor-
mation concerning the quality of reduction of
the fracture, it could be predicted that patients
in the favourable group with an HHR exceed-
ing 1.85 would show delayed union, whereas
the remainder would not heal. Comparing the
resulting preliminary diagnosis with the final
one, gave five diagnostic failures out of 54 pa-
tients, i.e. a diagnostic precision of 0.91. If
cases with late segmental collapse were ex-
cluded, there were five diagnostic failures out
of 37, equalling a precision of 0.86. The HNR
did not contribute additional information of im-
portance to the differential diagnosis and could
be excluded from the flow chart (Figure 4).

Discussion

Postoperative serial scintimetry of femoral
neck fractures has shown increasing femoral
head activity with time (Bauer et al. 1980) in
fractures resulting in nonunion and late seg-
mental collapse (Stromqvist 1983). In the pres-
ent study of more than 4-month-old fractures
with manifest or suspected complications, all
patients had a higher radionuclide uptake in
the femoral head on the fractured side as com-
pared to the intact side. Since the level of activ-
ity may be influenced by radionuclide uptake
in the surrounding acetabular bone, an HHR
of more than 1 does not inevitably indicate a
viable femoral head. The higher HHR in pa-
tients with late segmental collapse as com-
pared to the nonunion and delayed union
groups must be judged with caution, as the for-
mer group of patients was included in the
study and examined by scintimetry on average
19 months later than the latter groups. How-
ever, although this to some extent may explain
the difference between the groups, the strik-
ingly high- HHR demonstrates that major parts
of the femoral head had been revascularized
when hip pain recurred and the collapse was
radiographically verified.

After the exclusion of patients with late seg-
mental collapse, three groups could be identi-
fied, characterized by the following features:
(1) satisfactory post-reduction position of the
fracture without subsequent displacement,
and high HHR and HNR; (2) the same radio-

Radiography

Late segmental coliapse
no yes
37 17
Radiography Less favourable group
yos no
19 18
Scintimetry HHR< 1.85
yeos no
8 10
L ate
. Non Delayed segmental
Preliminary union union collapse
diagnosis
27 10 17
Final
diagnosis
Non union 24 2 o
Delayed union 3 8 0
Late segmental [+] ] 17
collapse

Figure 4. Flow chart illustrating the degree of prognostic
precision obtained by combining radiography and scintimetry
to differentiate between the diagnostic alternatives nonunion,
delayed union and late segmental collapse. Maximal
discrimination limit for the head-to-head ratio (HHR) was
1.85.

graphic pattern but lower HHR and HNR; (3)
inadequate reduction or early redisplacement
of the fracture, high HHR and low HNR. In the
first group most fractures gradually healed.
Both uptake radios were high, indicating a via-
ble head. The second group had a lower HHR
and HNR than the first group, although the
differences were not significant, possibly due to
the limited number of patients in this group.
Most of the fractures in this group resulted in
nonunion, and on the basis of Arden’s (1960)
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and Stromqvist’s (1983) findings it would seem
that an insufficient vascular supply might be
the main reason for this. Although the patients
in the third group had a higher HHR than
those in the second group, their fractures did
not heal either. The high mean ratio in this
third group suggested vascularity of the fem-
oral head, but the larger standard deviation
may indicate greater heterogeneity with differ-
ent degrees of vascular supply to the femoral
head. Mechanical factors, such as impaired
fracture stability and inadequate apposition
between the fragments, would consequently
seem to contribute to a greater extent to non-
union in this group.

As the time interval between injury and
scintimetric study was the same for the groups
of delayed union and nonunion, a flow chart
was constructed to predict whether or mot a
fracture would subsequently unite. The diag-
nostic precision of discriminating between dif-
ferent types of disturbed healing was 0.86 in
these two groups. Scintimetry thus seems to be
a useful prognostic complement to radi-
ographic examination: a fracture will unite if
femoral head circulation is preserved and ade-
quate reduction maintained, even when the
fracture line is still visible or progressive re-
sorption of the femoral neck is observed more
than 4 months after injury.

The methodological error in calculating the
HHR in this study was of the same magnitude
as reported by Hansson (1982) and Strémgqvist
(1983). The 10 per cent error of the ratio in re-
lation to the mean ratio mainly depends on the
location of the regions of interest selection to
record the activity distribution. The error of
the method was small compared to the diffe-
rences in isotope uptake discussed here.

A prospective study is in progress to clarify
further the relative significance of vascular
and mechanical factors in the development of
complications following femoral neck fracture.

References

Arden, G. P. (1960) Radioactive isotopes in fractures
of the neck of the femur. J. Bone Joint Surg. 42-B,
21-27.

Arnoldi, C. C. & Lemperg, R. K. (1977) Fracture of
the femoral neck. II. Relative importance of pri-

mary vascular damage and surgical procedure for
the development of necrosis of the femoral head.
Clin. Orthop. 129, 217-222.

Asnis, S. E., Shoji, H. & Bohne, W. (1976) Scintime-
tric evaluation of complications after femoral neck
fractures. Clin. Orthop. 121, 149-156.

Bauer, G., Weber, D. A., Ceder, L., Darte, L., Egund,
N., Hansson, L. I. & Strémqvist, B. (1980) Dynam-
ics of technetium 99m methylene-diphosphonate
imaging of the femoral head after hip fracture.
Clin. Orthop. 152, 85-92.

D’Ambrosia, R. D., Riggins, R. S., De Nardo, S. J. &
De Nardo, G. L. (1975a) Fluoride-18 scintigraphy
in avascular necrotic disorders of bone. Clin. Or-
thop. 107, 146-155.

D’Ambrosia, R. D., Riggins, R. S., Stadalnik, R. C. &
De Nardo, G. L. (1975b) Experience with 99m Tec
Diphosphonate in studying vascularity of the fem-
oral head. Surg. Forum 26, 521-523.

Garden, K. S. (1961) Low-angle fixation in fractures
of the femoral neck. J. Bone Joint Surg. 43-B,
647-663.

Garden, K. S. (1971) Malreduction and avascular
necrosis in subcapital fractures of the femur. J.
Bone Joint Surg. 53-B, 183-197.

Hansson, L. 1. (1982) Tidig diagnostik med scintime-
tri av posttraumatisk caputnekros. In: Nordisk
Ortopedisk Fiorening, Aarhus Scanticon, 1-3 Oc-
tober, 1981, (Ed. Sneppen, O.) pp. 311-321. Syn-
tex, Stockholm.

Hulth, A. (1958) Femoral-head phlebography (A
method of predicting viability). J. Bone Joint
Surg. 40-A, 844-852.

Hulth, A. (1965) Prediction of the viability of the
femoral head in femoral neck fractures. Acta Chir.
Scand. 129, 72-80.

Kofoed, H. & Alberts, A. (1980) Femoral neck frac-
tures. 165 cases treated by multiple percutaneous
pinning. Acta Orthop. Scand. 51, 127-136.

Lucie, R. S., Fuller, S., Burdick, D. C. & Johnston,
R. M. (1981) Early prediction of avascular necrosis
of the femoral head following femoral neck frac-
tures. Clin. Orthop. 161, 207-214.

Massie, W. K. (1973) Treatment of femoral neck frac-
tures emphasizing long-term follow-up and obser-
vations on aseptic necrosis. Clin. Orthop. 71,
16-62.

Stadalnik, R. S., Riggins, R. L., D’Ambrosia, R. & De
Nardo, G. L. (1975) Vascularity of the femoral
head: Fluorine scintigraphy validated with tetra-
cyclide labelling. Radiology 114, 663-666.

Stromgqvist, B. (1983) Femoral head vitality after in-
tracapsular hip fracture. Acta Orthop. Scand.
Suppl. 200.

Thorling, J. (1980) Intracapsular hip fractures
treated with the Deyerle device. Thesis, Linképing.



