
INTRODUCTION

The paucity of reports on renal disease in the arche-
ologic literature seems remarkable, given the
prominence of renal disease as a cause of death
(1). Renal insufficiency allows waste products to
accumulate, calcium loss, and reduced kidney hy-
droxylation of vitamin D, resulting in renal os-
teodystrophy. The latter describes a combination of
osteomalacia (referred to as rickets in subadults)
and hyperparathyroid bone disease (2). The com-
bination of hyperparathyroidism and osteomalacia
produces a very characteristic osseous picture, at
least radiologically (2). While these changes may
be well recognized in contemporary patients on
dialysis (3-5), it is unclear how often the non-dia-

lyzed person (analogous to individuals from arche-
ologic sites) survives long enough for these find-
ings to be observed (6). The aim of this project was
to characterize the osseous lesions in individuals di-
agnosed in life with chronic renal failure and to ex-
amine the corollary question - can kidney disease
be recognized from examination of skeletons? 

METHODS

The study population includes 94 individuals from
the Hamann-Todd Collection. This human skeletal
portion of the Todd Collection (Cleveland Muse-
um of Natural History) was compiled by Dr. T.
Wingate Todd. These complete skeletons were de-
rived from cadavers of unclaimed status which, af-
ter autopsy, were subjected to de-fleshing (with
sodium hydroxide to remove soft tissues). 
The individuals were selected on the basis of clin-
ical diagnosis during life of chronic renal disease.
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The skeletons were subjected to macroscopic visual
examination to identify all occurrences of osseous
alterations throughout each skeleton, to specify the
types of bony alterations at each occurrence, and
to map the distribution of occurrences in each in-
dividual. In the event of disagreement as to whether
a lesion represented true pathology or artifact, for
the purpose of this study it was treated as artifact. 
A “control” group was obtained by examination of
50 additional consecutive individuals from the
Hamann-Todd Collection, who had diagnoses not
known to be associated with renal disease, hyper-
trophic osteoarthropathy, rheumatoid arthritis or
spondyloarthropathy (2, 7).

Fluoroscopy of all elements of all skeletons was
performed using the Xi Scan 1000 fluoroscopy/dig-
ital storage system (X-Tech Inc, Randolph, N.J.).
Radiographs were obtained with the bones
arranged and oriented approximately as they would
be in living patients. 

RESULTS

The 94 adult individuals with chronic renal disease
included 61 white males, 18 black males, 2 white
females and 13 black females. The average age at
death was 57. 

Figure 1 - Erosive disease (arrows) of metatarsal phalangeal (A,B,D,E) and interphalangeal (C) joints. Marginal distribution of erosions in A,B,
C. Subchondral erosions with “smudged” appearance in D and E. Spheroid erosion in C is highly suggestive of gout.

Table I - Macroscopic joint alterations (%) in skeletons of individuals diagnosed in life with renal disease/Controls*.

Observation Surface Erosions Space Overhanging Reactive new
joint calcification marginal subchondral crumbling occupying edge bone

Shoulder 33/2 25/4 4 3 8 2 13
Elbow 28 5 2 2 1 5 4
Wrist 11/2 16 1 4 2 3 5
MCC** 6 7 3 4 2 4 3
MCP** 3 13/4 1 2 3 5 7
PIP** 2 3 2 2 0 0 7
DIP** 1 3 1 2 0 3 4
Hip 14 3 1 2 0 3 2
Knee 38/8 1 2 3 0 2 2
Ankle 14/2 4 4 0 4 5 6
MTP** 8 14 6 9 11 16 9
IP** 2 3 2 3 4 8 2

* If no /, then controls were unaffected
** MCC: metacarpal carpal; MCP: metacarpal phalangeal; PIP: proximal interphalangeal of hand; 
DIP: distal interphalangeal of hand; MTP: metatarsal phalangeal; IP: distal and proximal interphalangeal joints of feet.

A B C D E
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Figure 2 - Calcium joint surface deposits (arrows) on shoulder (A) and
knee (B).

Figure 3 - Subperiosteal resorption on ulna and humerus.

Table II - Macroscopic distribution of bone and joint alterations: percent of individuals with specific finding in renal disease/Controls*

Observation
Erosions Osteochondritis Periosteal reaction

Number of bones/joints affected

1 44/8 55 34/2
2 31 19 23/4
3 13 11 20/2
4 6 4 15
5 1 7 6
6 0 4 0
7 0 0 1

13 0 0 1

* If no /, then controls were unaffected

Macroscopic observations
Erosions
Excluding individuals with recognized causes
(rheumatoid arthritis and spondyloarthropathy) of
erosive disease, a high frequency of joint erosions
was still noted (Fig. 1). Both marginally (39 oc-
currences) and subchondrally distributed erosions
(21 occurrences) were present, with crumbling
changes in 21 individuals (Table I). In 94% of in-
dividuals, erosions were pauciarticular (Table II).

Cysts and Surface Calcification
Cysts were infrequently (only 5) recognized on
macroscopic examination and geodes (giant cysts),
in only 2 individuals. Calcium joint surface de-
posits (Fig. 2) were present in 57 individuals, dis-
tributed as indicated in Table I. 

Subperiosteal resorption and porosity
Subtle macroscopic resorptive changes (Fig. 3)
were present in 18 individuals, with porosity in 16
(Table III). Porosity was predominantly (61%) epi-
physeal in distribution. It was an isolated finding
in 73% of afflicted bones. The distal clavicle was
affected in 60% of individuals. It was the only area
containing porosity in 45% of individuals. Only
one individual had more than 3 bone groups (e.g.,
phalanges, femur, tarsals) affected. Subperiosteal
resorption was noted in 25% of bones with poros-
ity and periosteal reaction in 16% of bones with
porosity. 

Osteochondritis
Osteochondritis (Fig. 4) was present in 4 individ-
uals as isolated phenomenon (two elbows, one
wrist and one interphalangeal joint). Space-occu-
pying lesions were present in 18 individuals, with
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overhanging edge noted in 27 (Table I). The latter
were predominantly (89%) pauciarticular (Table
II). The most commonly affected joint was the
metatarsal phalangeal (63%), followed by tarsal
metatarsal and metacarpal phalangeal (each at
19%) and metacarpal carpal (11%) joints.

Digital tufts
Alteration in distal phalangeal tufts took three
forms: isolated “nicks” (of unclear derivation),
clearly post-traumatic, and erosion (Fig. 5). A

“nick” was noted in a single distal tuft in each of 7
individuals. The “nick” appeared as a relatively
sharply defined 1 mm defect in the outer margin.
Three individuals had clearly post-traumatic alter-
ations. Only one example of actual tuft erosion was
observed. 

Periosteal Reaction
Periosteal reaction was predominantly diaphyseal
in distribution. It was noted (Fig. 6) in 71 individ-
uals (Tables II and III). Average number of affect-

Figure 4 - Osteochondritis (arrow).

Table III - Macroscopic bone alterations (%) in skeletons of indivi-
duals diagnosed in life with renal disease/Controls*

Observation
Resorption Porosity

Periosteal
Bone Reaction

Humerus 7 0 5
Radius 0 1/2 2
Ulna 1 1 5
Metacarpal 3 1 2
Phalanges**

- Proximal 3 1 2
- Middle 3 1 4
- Distal 2 1 1

Pelvis 3 1/4 17
Femur 2 5 22
Tibia 0 3 46
Fibula 1 2 50
Tarsal 2 2 4
Metatarsal 7 4 10
IP** 1 2 8
Clavicle 16 16/4 10

* If no /, then controls were unaffected.
** Phalanges: of hand; IP: distal and proximal interphalangeal joints of
feet.

Figure 5 - Isolated “nicks,” post-traumatic changes and erosion (arrow).
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ed bone groups among individuals with periosteal
reaction was 2.56. Periosteal reaction, when pre-
sent, appeared as a surface reaction (Fig. 6), al-
though one individual did have the “applique”
form. Diffuse involvement was noted in 30%, with
less generalized involvement in 70%. Periosteal re-
action was limited to distal diaphyses in only 21%,
identical to the percentage of individuals in whom
the distal diaphyses were unaffected (spared). 
Sabre shin phenomenon was not found. Tibial (pe-
riosteal reaction) sparing was common (25 indi-
viduals, 35%). Tibial involvement was unilateral in
43% of individuals with periosteal reaction.
Femoral periosteal reaction was found in 23% of
individuals in whom the tibiae were unaffected.
Periosteal reaction was present on the ischium, il-
ium and pubis in 24% of individuals with renal dis-
ease. 

Leontiasis ossea
Only individuals under age 70 were affected. On-
ly 49% of skulls appeared normal. Hypertrophy of

facial and cranial bones produced a robust ap-
pearance, manifest as large, heavy skulls in 10%
and cranial thickening (observed in cross section)
in 12%. Bony overgrowth, mimicking osteomas,
was present in 19% and internal cranial over-
growth was noted in 2%. Widely spaced teeth
were present in 5%. Facial resorption was present
in 17%.

Radiologic findings 
Osteopenia (Fig. 7A-D) was present in 46 indi-
viduals, with intracortical resorption in 25. Sub-
periosteal bone resorption (Fig. 7C-E) was recog-
nized in 4 individuals. There was also a change in
the cortical margin of Fig. 7E, opposite to the le-
sion identified by the white arrow. This observa-
tion emphasizes the occasional difficulty distin-
guishing periosteal reaction from subperiosteal re-
sorption. While there was slight overtubulation of
the bone at the junction of the distal and middle
thirds, the more proximal portion clearly mani-
fested periosteal reaction. Thus both periosteal re-
action and subperiosteal resorption were present in
this bone. 
Coarsening of trabeculae was noted in 5 individ-

uals (Fig. 7A-D), one of whom had Paget’s disease
(Fig. 7D). Looser lines (of osteomalacia) were pre-
sent in one individual (tibia), growth arrest lines in
two and bone islands in two (ulna, humerus and
tarsal). “Salt and pepper” type bone resorption (Fig.
7G) was an isolated skull finding, characteristic of
the secondary hyperparathyroidism in renal os-
teodystrophy.
Geodes (Fig. 7F) were present in one individual
(affecting carpals). Cystic lesions were present in
10 others. The bone surrounding the cystic lesion
was osteopenic in 7 of that group, contrasted with
three who had preserved peri-lesional bone den-
sity. The cystic lesions were distributed to femo-
ra (4 individuals), tibia (individuals), pelvic bones
(2 individuals), wrist bones (4 individuals),
humerus (1 individual), and metatarsal (1 indi-
vidual).
Subchondral erosions were noted radiologically in
4 individuals (isolated shoulder, elbow, and
metacarpal phalangeal). Marginal erosions were
noted radiologically in proximal and distal inter-
phalangeal, wrist, elbow, and metatarsal phalangeal
joints.
Periosteal reaction was noted radiologically in on-
ly 5 individuals, three of whom also had diag-
nosed syphilis and one, osteomyelitis (tibia and
fibula). The one individual without an alternative

Figure 6 - Periosteal reaction involving pelvis (A), tibia (B,C, E) and
fibula (D).
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(to renal disease) etiology of periosteal reaction
had femoral involvement with subperiosteal re-
sorption. One individual had generalized pe-
riosteal reaction.
Skull radiographs (Fig. 8) revealed prognathism
with thick facial bones, developed glabella and
hard palate and thick, dense cranial bones. Partial
obliteration of nasal sinuses was noted.

CONTROLS

Fifty controls included 26 white males, 16 black
males, 2 white females and 6 black females. The
average age at death was 50.
Erosions were noted in 4 individuals. All were mar-
ginal in distribution and represented isolated phe-
nomena in any given individual. A cyst was present
in only 1 individual. Calcium joint surface deposits
were present in 5 individuals. Knees were involved
in 4 individuals and ankle, wrist and shoulder, each
in one individual. Neither resorptive changes nor
subperiosteal resorption were present, although
porosity was present in 4 individuals. Eburnation
was present in 7 individuals.
Periosteal reaction (predominantly diaphyseal) was
noted in 4 individuals, as surface reaction. Pe-
riosteal reaction was distributed to one bone group
(a bone group was defined by involvement of that
bone, whether unilateral or bilateral) in 1 individ-

Figure 7 - X-rays of innominate (A), femur (B), tibia (C,D), middle pha-
lanx (E), lunate (F), and superior aspect of skull (G). Osteopenia and
coarsening of trabeculae are prominent in A-D. Coarsening in D is
clearly associated with the “blade of grass” type fronts of resorption
(black arrowheads) characteristic of Paget’s disease. Subtle subpe-
riosteal bone resorption (white arrows) is noted in C,D and E. There
is also a change in the cortical margin of E opposite to the lesion iden-
tified by the white arrow. This stresses the occasional difficulty di-
stinguishing periosteal reaction from subperiosteal resorption. Whi-
le there is slight overtubulation of the bone at the junction of the di-
stal and mid thirds, the more proximal portion clearly manifests pe-
riosteal reaction. Large cysts (geodes) are present in F. “Salt and pep-
per” type bone resorption in frontal bone (G) is characteristic of the
secondary hyperparathyroidism in renal osteodystrophy.

Figure 8 - Lateral x-ray of hemicrania. A. Normal skull. B. Skull of in-
dividual with renal osteodystrophy. Increased cranial thickness. Thick
facial bones, developed glabella and hard palate. Prognathism.
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ual, 2 in two individuals, and 3 in one individual.
Average number of affected bone groups among in-
dividuals with periosteal reaction was 2.0.

DISCUSSION

Osteopenia
Renal failure was typically associated with os-
teopenia caused by osteomalacia and hyper-
parathyroidism (2). Secondary hyperparathy-
roidism produced increased osteoclastic activity
(3). Vitamin D processing disturbance led to os-
teomalacia (3). 

Osteomalacia
Signs of osteomalacia included linear/ribbon-like
radiolucent bands at right angle to bone surface
(2). These pseudofractures, diagnostic of osteoma-
lacia (8), are referred to as Looser lines. Cortex
was often thinned, with a fuzzy indistinct outline
and fuzzy irregular trabeculae (8). The resultant
softened bone may become bowed (e.g., tibial/
femoral) (8). Looser lines were present in only one
individual in the Hamann-Todd Collection with
chronic renal disease and trabecular coarsening in
only 4 individuals [1 individual with Paget’s dis-
ease discounted, as Paget’s disease produces tra-
becular coarsening (2, 7)]. Thus, osteomalacia
would appear to be a poor and unlikely discrimi-
nator for recognition of chronic renal disease in
pre-dialysis (e.g., archeologic) populations.

Secondary Hyperparathyroidism
While clinical evidence of secondary hyper-
parathyroidism was common in chronic renal dis-
ease, radiologically detectable osseous changes
were relatively rare. Signs have been reported in 5-
13% of dialyzed patients (4, 5, 9). Findings were
typically subtle, with loss of sharpness of osseous
borders (especially of terminal phalanges), cortical
disruption and endosteal “scalloping” (4, 5). Sub-
periosteal resorption was present in only 4-8% of
clinical samples (5). Observation of subperiosteal
bone resorption (Figg. 3 and 7C-E) radiologically
in only 4 individuals with chronic renal failure in
the Todd Collection was within the reported range.
It was therefore an insensitive (4%) indicator for
presence of renal disease.
Brown tumor is a term given to the non-descriptive,
lytic lesions of secondary hyperparathyroidism (2).
Also called osteitis fibrosa cystica (4), this was rec-
ognized as increased cortical porosity, osseous

coarsening and cyst formation. At least 7 of the cys-
tic lesions in the Hamann-Todd Collection could
possibly be attributable to osteitis fibrosa cystica.
However, their isolated nature was at variance with
what is reported in the clinical literature (2).
Resorption of digital tufts was reported in 12 of 80
dialysis patients (9). Distal tuft changes, however,
were more rare and quite subtle in the Hamann-
Todd Collection. The tuft “nicks” were at the very
limit of radiologic detection (unless special high
resolution technique is utilized). Notation of a sin-
gle tuft erosion suggested that it is a very insensi-
tive sign for presence of renal disease in the popu-
lation.

Porosity 
The significance of porosity (in 16 individuals) is
unclear at this time. Porosity is a concept that is dif-
ficult to analyze in living individuals (10). This dis-
continuity of subchondral bone (porosity) is below
the resolution of clinical x-rays (2). It therefore
cannot be recognized in those x-rays. As the phe-
nomena cannot be detected in life, its significance
can only be assumed. Absence of other signs of
bone involvement make it difficult to interpret
porosity. Large population studies will be required
to determine if porosity actually has specificity for
any disorder. 

Arthritis 
Presence of joint surface calcium deposits (Fig. 2)
in 57 individuals and crumbling changes in 21 sug-
gested that the underlying disorder was what has
been previously categorized as calcium pyrophos-
phate deposition disease (CPPD) (11). The latter is
a known complication of the hyperparathyroidism
of renal osteodystrophy (4, 12). The distribution of
joint involvement was analogous to that reported
for CPPD (11). These observations in the Hamann-
Todd Collection were similar to those reported by
Sundaram et al. (9) in clinical populations.
Additional osseous manifestations included geode-
type bone cysts (Fig. 7F). They were rarely ob-
served in the Hamann-Todd Collection. These were
apparently also manifestations of CPPD (2, 7).
“CPPD-like arthritis” is reported by Braunstein et
al (12), affecting metacarpal phalangeal joints and
wrists, less commonly knees, shoulders and hips,
similar. This mirrors findings in the Hamann-Todd
collection. As such changes are also common in the
general population (2, 11), they do not appear to
have differential significance for recognition of re-
nal disease.
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Eburnation 
The non-specific finding of severe joint cartilage
loss (manifest by osseous eburnation), was noted
in 29 individuals with renal disease, contrast with
7 controls. Eburnation simply represents the final
stage of cartilage loss from any form of cartilage-
impacting/altering arthritis and is without diag-
nostic implication (at least as to diagnosis).

Avascular necrosis
Presence of osteochondritis (avascular necrosis) in
4 individuals in the Hamann-Todd Collection (Fig-
ure 4) mirrored the 4 of 130 observed by Brown
and Gower (13) in clinical populations. Osteo-
chondritis may have some specificity, as it is un-
common (exclusive of avascular necrosis of hips
and shoulders) in other disorders, except blood
dyscrasias (e.g., sickle cell anemia) (2, 14). 

Osteosclerosis 
Increased density of bone or osteosclerosis mani-
fested as accumulation of unmineralized trabecu-
lar bone in vertebrae, pelvis, ribs, clavicles, and
long bone metaphyses (5). This is more common
in dialysis patients, because of prolongation of life
span (4). The classic manifestation is the so called
“rugger jersey” spine, because of the characteris-
tic vertebral endplate sclerosis (4). Frequencies of
9-34% were reported in dialysis patients (2, 4, 5).
Osteosclerosis was not present among individuals
with chronic renal failure in the Hamann-Todd Col-
lection. It is unlikely to be present in archeologic
sites, as individuals apparently did not survive suf-
ficiently long (once they developed chronic renal
failure) for this to manifest.

Deposition diseases (gout and amyloidosis)
Other complications of chronic renal disease are
gout and amyloidosis (2). Gout, noted in 5% of
clinical populations, occurs because of uric acid
accumulation - secondary to interference with its
renal excretion (2, 15). Amyloidosis (16) appears
to be especially related to hemodialysis. Few
changes occur within 5 years of chronic renal fail-
ure, although 50% of individuals on dialysis de-
velop it by 10 years. Amyloidosis often compli-
cates chronic inflammatory processes. The acute
phase reaction to inflammation sometimes includes
a soluble protein. That protein can deposit in body
tissues as a space occupying phenomenon or mass
of the protein amyloid. The etiology of the space-
occupying (Fig. 1) lesions (present in 18 individu-
als, with overhanging edge noted in 27) requires

clarification. Although it could represent either dis-
order, the distribution predominantly to metatarsal
phalangeal (63%), tarsal metatarsal and metacarpal
phalangeal (each at 19%) and metacarpal carpal
(11%) joints was classic for gout (2, 15). It was
quite different from that of amyloidosis (2).

Periosteal reaction
Periosteal reaction was reported in 6-8% of he-
modialysis patients (5). It was often associated with
osteitis fibrosa cystica, rib fractures and possibly
gout (5). Radiologically-detectable periosteal re-
action was a late finding, predominantly limited to
individuals receiving dialysis more than two years.
Pelvic bones and femora were most commonly af-
fected (radiologically), followed in frequency by
tibia, fibula, metatarsals, distal radius and ulna and
proximal humerus. The latter often occured as iso-
lated phenomenon (5). 
Radiologic recognition of periosteal reaction in on-
ly one individual with chronic renal failure repre-
sented a frequency slightly lower (Fisher exact test
< 0.0001) than that reported in dialyzed patients.
Periosteal reaction is unlikely to be present (as a ra-
diologically documentable phenomenon) in arche-
ologic populations, as individuals apparently did
not survive sufficiently long (once they developed
chronic renal failure) for this to manifest.
Macroscopic visual examination of individuals in
the Hamann-Todd collection with chronic renal dis-
ease, however, revealed a high frequency of pe-
riosteal reaction. It was noted in 71 individuals with
chronic renal failure (Table III). It was distributed
to one bone group in 24 individuals, 2 in 16, 3 in
14, 4 in 11, 5 in 4, 7 in 1, and 13 in 1 individual.
Average number of affected bone groups among in-
dividuals with periosteal reaction was 2.56. This
contrasted with 2.0 in the “control” group, in whom
polyostotic involvement was not found.
Periosteal reaction among individuals with renal
disease was distinguishable, on a population basis,
from treponemal disease (17). Sabre shin reaction
was not found. Tibial (periosteal reaction) sparing,
extremely rare in treponemal disease, was com-
mon in renal disease (25 individuals, 35%). Pelvis
periosteal reaction was common in renal disease
(24%), contrasted with its rarity in treponemal dis-
ease. Periosteal reaction was less polyostotic and
upper extremities more spared than has been ob-
served in yaws. Periosteal reaction in renal disease
involved the hands and feet to a much greater ex-
tent than noted in syphilis.
Periosteal reaction among individuals with chronic
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renal disease was also distinguishable from hyper-
trophic osteoarthropathy (HOA) on the basis of ex-
tent of skeletal involvement (2.5 in renal disease,
versus 3.7 in HOA), low frequency of “applique”
form, high frequency of unilateral tibial involvement
and distal diaphyseal sparing in renal patients (18,
19). Tibia were involved in 99% of individuals with
HOA, compared to only 65% with renal disease.
Upper extremity involvement in chronic renal dis-
ease was seen less often than in HOA, while pelvic
bone involvement was significantly greater. Pe-
riosteal reaction was predominantly a surface reac-
tion, diffuse in 30%. One-fifth of individuals with
periosteal reaction had distal diaphyseal sparing,
contrasted with rarity of the latter in HOA (18, 19).
What did the periosteal reaction represent? Was
this a macroscopic correlate of what Mankin (8) de-
scribed radiologically as cortical thinning “with a
fuzzy indistinct outline and fuzzy irregular trabec-
ulae?” The answer awaits histologic studies, not
pursuable on the Hamann-Todd collection. Further,
this work raises an intriguing possibility. Could
what is macroscopically interpreted as periosteal
reaction actually be part of osteomalacia? Cortical
thinning with a fuzzy indistinct outline and fuzzy
irregular trabeculae was Mankin’s (8) description
of osteomalacia. Perhaps further study will lead to
better understanding of what we categorize as pe-
riosteal reaction.

Leontiasis ossea
Lee et al (20) reported a series of 5 individuals with
adolescent onset renal disease who developed leon-
tiasis ossea. Progressive hypertrophy of facial and
cranial bones with widely spaced teeth were re-
ported, as noted in the present series. While her ra-
diographs revealed nodular areas of sclerosis and
widening of the diploic plate, the present study re-
vealed the macroscopic correlate: a pseudo-osteo-
matous appearance. The robust facial appearance of
the individuals noted in the current study reflected
hypertrophy of the maxillary bone and mandible,
observed by Lee et al (20). Partial obliteration of
maxillary sinuses was also noted. This appeared to
be a manifestation of renal disease, limited to those
who have early onset of kidney damage.

Differential diagnosis
It must always be considered that skeletal findings
in a phenomenon (e.g., chronic renal failure), with
a myriad of etiologies, may actually represent the
impact of the etiology, rather than the result of the
subsequent renal failure. Thus, skeletal alterations

in chronic renal failure may result from disorders
or their treatment (e.g., possibly sulfa antibiotics
used to treat infections, syphilis, salicylic acid used
to treat pain produced by bone-altering diseases,
blood dyscrasias such as multiple myeloma and
amyloidosis) (2), rather than the nephropathy itself. 
Looser line-type pseudofractures are characteristic
of osteomalacia. Differential diagnosis of such
pseudofractures includes other derivations of os-
teomalacia (e.g., fibrous dysplasia-induced or neu-
rofibromatosis-induced) and the stress fractures of
Paget’s disease (8). 

Population frequency issues
Rutecki (21) reported 3 cases categorized as
nephrotic syndrome and 2.8 categorized as chron-
ic renal failure per 100,000 population. Most of
the chronic nephrotic syndrome cases derived from
individuals with acute glomerulonephritis. Rutec-
ki (21) noted that 10% of acute glomerulonephri-
tis (20 cases per 100,000) proceeded to nephrotic
syndrome. Given the removal (by mortality) of in-
dividuals from prevalence data and absence of ef-
fective medical intervention in the early part of this
century (22), the number of cases observed in the
Hamann-Todd collection appears quite representa-
tive of population expectations. While chronic re-
nal disease has many potential causes, it still is rel-
atively infrequent in the population. Even in what
might be considered a selected population
(Hamann-Todd Collection), it only represented 3%
of skeletons. 

Can kidney disease be recognized 
from examination of skeletons?
Examination of individual components of renal
bone disease indicates the problem. Osteomalacia
would appear to be a poor and unlikely discrimi-
nator for recognition of chronic renal disease in
pre-dialysis (e.g., archeologic) populations. Brown
tumors are too non-descriptive in appearance in
pre-dialysis patients to allow their use as identifiers
for renal disease in archeologic populations. Sim-
ilarly, digital tuft lesions are of unknown specifici-
ty and are too infrequent for use in recognizing re-
nal disease in archeologic samples. Osteosclerosis
was not present among individuals with chronic
renal failure in the Hamann-Todd Collection and is
therefore unlikely to be present in archeologic sites.
Prior to dialysis, individuals with chronic renal dis-
ease do not appear to have survived sufficiently
long to manifest significant recognizable diagnos-
tic osseous alterations.



Osteochondritis of joints other than hips and shoul-
ders may have some specificity, as it is uncommon
in most other disorders. Given its low frequency in
renal disease and lack of specificity, it would not
appear to be a viable indicator for epidemiologic
study of archeologic samples.
Radiologically recognized subperiosteal bone re-
sorption may have greater specificity, but is rela-
tively uncommon. Given even the most ambitious
anticipation of renal disease in the population, a
sample size of over 500 would likely be required
to recognize presence of any chronic renal disease
in that population (if radiologic subperiosteal re-
action were used as the identifier). Macroscopic
recognition was more common. Perhaps examina-
tion of clavicles, manus and pes (for subperiosteal
resorption) might help in recognition of the dis-
ease. However, large populations will have to be
examined, to assess the specificity of that finding.
Could joint surface calcium deposits and crum-
bling changes [previously categorized as calcium
pyrophosphate deposition disease (9, 11, 23)] be
utilized as indication of presence of renal disease
in the population? Unfortunately, such changes are
common in the general population (2, 11), even in
absence of renal disease. 
Periosteal reaction (as a radiologically docu-
mentable phenomenon) is unlikely to be present in
archeologic sites, as individuals apparently did not
survive sufficiently long (once they developed
chronic renal failure) for this to manifest. 
However, a high frequency of periosteal reaction
was recognized macroscopically, usually affecting
one or two bone groups. Pelvic bone changes were
especially common, suggesting the possibility that
this could represent a potential identifier for recog-
nition of renal disease. Space-occupying lesions

also were common. They appeared to represent
gout. High frequency of such lesions might be a
clue to diagnosis. Other than genetically predis-
posed groups (e.g. Maori) (15), gout should be rel-
atively uncommon in the population - unless there
is a specific disease (e.g., renal) predisposition.
Presence of subperiosteal resorption (Fig. 7C-E)
would suggest the diagnosis of renal disease, but,
given its rarity, was a very insensitive indicator.
While macroscopic periosteal reaction was com-
mon in chronic renal disease, associated calcific
joint changes (CPPD) allowed recognition of renal
etiology, even if the subperiosteal resorption (ap-
parently specific for the hyperparathyroidism of
renal disease) was not present. The pattern of joint
surface alteration and periosteal reaction may fa-
cilitate recognition of chronic renal disease in the
osseous record.
Recognition of increased frequency of apparent os-
teomas in individuals with robust facial features
should stimulate investigation for other manifesta-
tions of renal disease. Presence of facial bone thick-
ening and prognathism should also stimulate con-
sideration of renal disease. As leontiasis ossea was
limited to young individuals in the current study
and that reported in clinical population by Lee et
al (20), leontiasis ossea would appear to be anoth-
er potential sign, suggesting investigation for oth-
er manifestations of early onset renal disease.
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SUMMARY
The possible osseous effect of kidney dysfunction was evaluated in a modern skeletal population for future use in as-
sessment of archeologic samples. Frequency and distribution on the bones of cysts, articular surface alterations, sub-
periosteal resorption, porosity, osteochondritis, digital tuft alteration and periosteal reaction were recorded in 94 indi-
viduals with known kidney failure in the Hamann-Todd collection. Independent radiologic analysis was also pursued.
The results were compared with a control sample. The pattern of joint surface alteration and periosteal reaction may
facilitate recognition of chronic renal disease in the osseous record. Subtle manifestations of leontiasis ossea are pre-
sent in the form of cranial thickening and increased cranial size and weight, but teeth spacing are rare. Pseudo osteo-
matous lesions are common. This study perhaps explains the apparent rarity of actual leontiasis ossea.

Parole chiave: Malattie renali, lesioni osteolitiche, rachitismo, osteomalacia, iperparatiroidismo, reazione periostale,
patologia scheletrica.
Key words: Renal disease, lytic lesions, rickets, osteomalacia, hyperparathyroidism, periostal reaction, skeletal patho-
logy
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