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The penetration of lincomycin into normal bone was studied in 10
patients with fracture of the neck of the femur, a separate determina-
tion being made of the lincomycin concentration in serum, bone mar-
row, spongy bone and compact bone. The concentration of lincomycin
in bone marrow was found to be at the same level as that in the
serum. The concentration in spongy bone amounted in most cases to
50 to 75 per cent of the concentration in the serum, whereas the
concentration in compact bone varied from 0 to 15 per cent of that in

the serum.
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Since lincomycin became available at the
beginning of the 60’s (Mason et al. 1963),
this antibiotic has acquired a leading
role ‘in the treatment of acute and
chronic osteomyelitis. A number of in-
vestigations have been done to elucidate
the ability of lincomycin to penetrate
bone. These studies, animal experiments
(Grady & Stern 1965, Evaskus et al.
1969) as well as studies of its penetra-
tion into human bone (Mason et al. 1963,
Holloway et al. 1964, Geddes et al. 1967,
Vacek et al. 1967), have shown some-
what varying relationships between the
concentrations of lincomycin in serum
and in bone, and cannot validly be com-
pared. This is because various types of
bone have been investigated, and also
because different and often very inad-

equately described homogenization pro-
cedures have been employed.

The aim of the present study was to
examine the penetration of lincomycin
into normal human bone, employing a
well-defined, reproducible homogeniza-
tion procedure. A further aim was to
examine separately the penetration of
lincomycin into bone marrow, spongy
bone and compact bone.

MATERIAL AND METHODS

Material. The material consists of 10 patients,
two men and eight women, aged 50 to 89 years,
mean age 72.4 years. All patients had a uni-
lateral fracture of the neck of the femur. In
four patients, alloplasty ad modum Moore was
performed, and six patients had a MacLaughlin
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osteosynthesis. The osteosynthesis was per-
formed, on average, 4 days after the fracture.
All patients had normal renal function, eval-
uated by two determinations of serum creatinine.

Bone biopsies. The biopsies were obtained per-
operatively from the proximal end of the femur
as soon as the bone was exposed for the com-
mencement of the osteosynthetic or alloplastic
procedure. A block of compact bone was re-
moved, about 1 cm3 in size, and this was im-
mediately cleaned of periosteum, spongy bone
and blood. By means of a curette, spongy bone
was taken from the inner surface of the femur.
Finally, bone marrow was aspirated through a
metal cannula, the position of which was
monitored by fluorescent screening. In all cases
the aspirate was typical for bone marrow, i.e.,
there was an admixture of fat and bony
trabeculae. All bone biopsies were obtained
from macroscopically normal bone some dis-
tance from the line of fracture.

Serum concentration determination. Blood
samples to determine the serum concentration of
lincomycin were drawn twice before and twice
after the bone biopsies were obtained, at inter-
vals of % to 1 hour.

Intake of lincomycin. The lincomycin was
administered as lincomycin chloride (Lincocin®)
intramuscularly, in doses of from 13 mg to
24 mg per kg per 24 hours, as two doses at
intervals of 12 hours (Table 1), Table 1 also
shows the duration of treatment.

Homogenization procedure. Samples of bone
marrow were homogenized undiluted in a Pot-
ter-Elvehjem homogenizer. A vibration mill was
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employed to homogenize the spongy bone and
the compact bone. This method of homogeniza-
tion has been described in detail in a previous
study (Hansen et al. 1975). The method permits
reproducible homogenization to a particle size
of 0.3-3.2 4.

Barteriological method. A microbiological
method was employed to determine the linco-
mycin concentration using Sarcina lutea ATCC
9341 as test-organism and Antibiotic Medium
No. 4 (Difco) as medium. Serum and marrow
specimens were examined using “disc-plate” dif-
fusion method whereas the specimens of com-
pact bone and spongy bone were examined using
the “agar-cup” diffusion technique. The plates
were seeded with broth culture in dilution 1:6
after incubation for 24 hours at 37° C. The
detailed principles have been described previ-
ously (Nielsen & Hansen 1972). The lower limit
for sensitivity in the two methods was 1.5 and
0.30 ug/ml, respectively. Bone marrow and
serum were examined undiluted. Compact bone
and spongy bone were examined after dilution
with phosphate buffer (pH 7.8) in the propor-
tion 1:3 and 1:5, respectively. Standard solu-
tions of lincomycin in pooled human serum
were used for examining serum and marrow.
Standard solutions of lincomycin in phosphate
buffer were used for examining compact bone
and spongy bone, studies also being made in
which homogenized, antibiotic-free bone was
added to the standard solutions.

In three patients who had not received any
lincomycin, specimens of serum, bone marrow,
spongy bone and compact bone had no anti-

Table 1. Concentrations of lincomycin in serum (ug lincomycin per ml serum) and in bone tissue

(ug lincomycin per g tissue) 3-9 hours after the final inframuscular administration of lincomycin.

Serum concentrations were determined at intervals of %—1 hour before and after time of biopsy of
bone tissue.

Intake of Lincomycin . . . . . .
lincomycin Days of in serum L19comycm L_1ncomyc1n l:mcomycm
Pt. Age Sex (g per kg treat.ment at' time of in bone in spongy in compact
no. body weight .. with . blops'y of marrow bone bone
lincomycin bone tissue (ug/g) (ug/8) (ug/8)
per 24 h) (ug/ml)
1 59 M 23 1 5.9 9.5 5.9 1.4
2 74 F 20 1 7.3 5.8 44 <12
3 56 F 23 1 10.3 11.5 6.5 <10
4 77 F 20 5 12.0 10.0 1.7 <10
5 89 F 20 5 121 14.3 11.0 <10
6 70 F 13 3 14.8 13.8 10.7 <12
7 76 M 17 1 15.2 14.0 6.8 <1.2
8 87 F 24 1 15.8 14.7 5.2 1.8
9 50 F 16 2 20.2 14.5 11.0 < 1.0
10 86 F 20 1 20.2 14.4 4.8 2,2
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bacterial effect on the test bacterium used to
determine the concentrations of lincomycin.

RESULTS

Table 1 shows the concentrations of lin-
comycin in serum, in bone marrow, in
spongy bone and in compact bone. There
is no significant difference between the
concentrations of lincomycin in serum
and in bone marrow (Wilcoxon test for
pair differences, P > 0.10). In seven pa-
tients the concentration of lincomycin in
the bone marrow was at the same level as
the serum concentration, while in one
patient it was more than 50 per cent
higher and in two patients 30 per cent
lower. The median content of lincomycin
in bone marrow was 93 per cent of that
in serum (range 71-161 per cent).

Concentrations of lincomycin in spon-
gy bone were significantly lower than
concentrations in serum and bone mar-
row (Wilcoxon test for pair difference,
P < 0.01 for both comparisons). The
median content of lincomycin in spongy
bone amounted to 62 per cent of that in
serum (range 24-100 per cent), and to
59 per cent of that in bone marrow
(range 33-77 per cent). In compact bone,
concentrations of lincomycin were sig-
nificantly lower than concentrations in
serum, in bone marrow and in spongy
bone (Wilcoxon test for pair differences,
P < 0.01 for all comparisons). In seven
cases lincomycin was not detectable in
specimens of compact bone; in two cases
it amounted to 11 per cent and in one
case to 24 per cent of the corresponding
serum concentrations.

DISCUSSION

The present study deals only with nor-
mal human bone tissue. Evaluated on the
basis of the minimum inhibitory con-
centration (MIC) of lincomycin for
Staph. aureus (0.5 to 2 pg/ml) (Garrod
& O’Grady 1972), the concentrations of
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lincomycin found in bone marrow were
at a therapeutic level (MIC X 5). The
concentrations found in spongy bone
were at the therapeutic level for Staph.
aureus strains with an MIC =1 pug/ml. It
nevertheless appears reasonable to as-
sume that the concentration of linco-
mycin in spongy bone at the peak period
is considerably higher, so that a ther-
apeutic level is achieved in the case of
strains with an MIC of 2 pg/ml. The
concentrations in compact bone, on the
other hand, are considerably below the
therapeutic level.

Investigations attempting to measure
separately the concentrations of linco-
mycin in bone marrow, spongy bone and
compact bone, have not previously been
carried out. In an examination of the
lincomycin content of total bone (spongy-
bone + compact bone) Varek et al.
(1967) found that following the intake
of varying amounts of lincomycin in 33
patients, in three cases the lincomycin
concentrations in bone were greater than
the corresponding serum concentrations,
in one case the concentration in bone
and serum was the same, and in 29 cases
the concentration of lincomycin in bone
was lower than in serum. In these latter
cases, the concentration of lincomycin in
the bone was in most cases one fifth to
one third of the corresponding serum
concentration. The type of bone inves-
tigated in the individual cases is not
stated. Geddes et al. (1967) investigated
12 non-infected patients who underwent
elective orthopaedic surgery. The type of
bone investigated is not stated, but pre-
sumably total bone was involved. In
three cases, the concentrations found in
the bone were higher than the corre-
sponding serum concentrations; in the
remaining cases the concentrations in
bone were generally one quarter to one
third of thie corresponding serum con-
centrations. Linzenmeier et al. (1968)
examined the content of lincomycin in
infected bone from 30 patients with
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chronic osteomyelitis or gangrene, fol-
lowing the intake of varying doses of
lincomycin. It was not reported whether
spongy bone or compact bone was em-
ployed. In two cases, the results showed
concentrations in bone which were higher
than the corresponding serum concentra-
tions, while in 28 patients the concentra-
tion of lincomycin in bone was lower
than the serum concentration, and in
most cases amounted to one third to two
thirds of this value.

Evaskus et al. (1969) carried out ani-
mal experiments, and found that in rats
there was a considerable difference in
the penetrating power of lincomycin into
bone with a large proportion of spongy
bone (femur) and bone with a small
spongy bone content (mandible). At in-
tervals of 1, and 2 hours after intra-
muscular administration, the concentra-
tions of lincomycin found in the femur
were at the same level as the correspond-
ing serum concentrations, while after the
same intervals, the concentrations found
in the mandible were 25 and 0 per cent,
respectively, of those in the serum.

The results obtained by Evaskus et al.
and the present results show that in
evaluating the penetration of antibiotics
into bone, allowance must be made for
the composition of the bony tissue, in-
cluding under this heading the relative
incidence of bone marrow, spongy bone
and compact bone. For similar reasons,
an evaluation of the penetration of linco-
mycin into pathological bone is not pos-
sible on the basis of the findings in
normal bone. Only scanty information is
available regarding the penetration into
pathological bone (Mason et al. 1963). A
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systematic investigation of the penetra-
tion of lincomyecin into well-defined
pathological bony structures would be an
advantage.

REFERENCES

Evaskus, D. S., Laskin, D. M. & Kroeger, A. V.
(1969) Penetration of lincomycin, penicillin
and tetracycline into serum and bone. Proc.
Soc. exp. Biol, (N.Y.) 180, 8§9-91.

Garrod, L. P. & O’Grady, F. (1972) Antibiotic
and chemotherapy, ed. Garrod, L. P. &
0’Grady, F., pp. 266-267. Livingstone, Lon-
don.

Geddes, A. M., Munro, J. F., Murdoch, J. McC,,
Begg, K. J. & Burns, B. A, (1967) Four years
hospital experience with lincomycin hydro-
chloride. 5th Int, Congr, Chemother., Vienna,
Vol. I, pp. 361-369.

Grady, J. E. & Stern, K. F. (1966) Penetration of
lincomyein into bone. Antimicrob. Agents
Chemother. 1965, 201-205.

Hansen, 1., Lykkegaard Nielsen, M. & Nielsen, J.
B. (1975) A new method for homogenization
of bone exemplified by measurement of
trimethoprim in human bone tissue. Acta
pharmacol, toxicol. (Kbh.) 37, 33—-42.

Holloway, W. J., Kahlbaugh, R. A, & Scott, E. G.
(1964) Lincomycin: a clinical study. Anti-
microb. Agents Chemother. 1963, 200-203.

Linzenmeier, G., Schifer, P. & Gatos, M. (1968)
Bestimmung der Konzentration von Linco-
mycin in chronisch entziindetem Knochen-
und Weichteilgewebe des Menschen, Arz-
neimittel.-Forsch. 18, 204-207.

Mason, D. J,, Dietz, A. & Deboer, G. (1963)
Lincomycin, a new antibiotic. I. Discovery
and biological properties. Antimicrob. Agents
Chemother, 1962, 554-559.

Nielsen, M. L. & Hansen, I. (1972) Trimethoprim
in human prostatic tissue and prostatic
fluid. Scand. J. Urol. Nephrol. 6, 244-248.

Vacek, V., Hejzlar, M. & Pavlansky, R. (1967)
Penetration of lincomycin into bone in man.
5th Int. Congr. Chemother., Vienna, Vol. I,
pp. 345-353.

Correspondence to: Mogens Lykkegaard Nielsen, M.D., Department K. of Surgery, Frederiksherg
Hospital, 59, Nordre Fasanvej, DK-2000 Copenhagen F, Denmark.



