






Ksenija Djukic, Petar Milenkovic, Petar Milovanovic, Milos Dakic and Marija Djuric298

Figure 2. Skeleton in situ: medial rotation of the left femur in the hip joint with possible equinovarus position of the left foot.
Esqueleto in situ: la rotación medial del fémur izquierdo en la articulación coxofemoral con posible equinovaro del pie izquierdo.

Figure 3. FNA angle measured on the left femur – 59.88 degrees.
Anteversión femoral del fémur izquierdo – 59,88 grados.

the left femoral head was positioned eccentrically, 
suggesting subluxation in this hip joint. Furthermore, 
no signs of tibial torsion were recorded on the left 
body side, and the present tarsal bones were without 
clear signs of pathological changes. In addition, the 
right clavicle displayed signs of a healed fracture. 
Overall, apart from the changes of the proximal 
femur and the right clavicle no further evidence of 
pathological changes were found.

Discussion

Abnormal femoral anteversionis associated with 
clinical manifestations ranging from benign intoeing 
gait to severe orthopaedic problems. Table 2 sum-
marizes the morphological characteristics of various 
conditions with possible expressed increased FNA 
angle. However, anteversion can also be high on bones 
unaffected by any other pathological conditions.

One of the main forms of an increased fem-
oral anteversion in childhood is physiological 
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Unaltered articular surfaces on the femoral head 
ruled out juvenile rheumatoid arthritis as another 
possible cause of increased FNA (Harhess 2003).

Therefore, neuromuscular disorder should be 
further considered as more appropriate explanation 
for high FNA angle of the female skeleton from 
Leskovac.

However, we have to note that various neuromus-
cular disorders may be encompassed in differential 
diagnosis. One such possibility would be mild 
monoplegia observed after meningitis. According 
to William and Warner (2003a) there is a very rare 
type of paresis which is usually observed after 
meningitis, and it is seen in the form of monoplegia. 
The authors described such monoplegia as a form of 
mild hemiplegia where other ipsilateral extremity 
is mildly involved. The results of the skeletal anal-
yses in our case revealed just discrete side-specific 
differences in bone size of humeri and increased 
FNA of the left femur without any other signs of 
limb discrepancy which would be concordant to 
such grade of plegia. As the analyses did not reveal 
any visible sign of infection on the cranial skeleton, 
such specific diagnosis cannot be accepted.

Generally, a question arises about what would 
happened if an older individual (adolescent, young 
adult or adult) suffered any other type of central 
motoneuron damage. We considered this scenario 
as well, particularly as the lack of degenerative 
joint disease in our case might indicate a shorter 
time between the onset of paralysis and the death. 
However, although motoneuron lesions in adults 
also cause contractures due to muscle imbalance, 
it was not possible that it would lead to a change 
in the femoral neck anteversion angle from 8-15 
degrees to nearly 60 degrees.

During the period of growth any alteration in 
child’s ambulation, absence of weight-bearing bone 
stimulation or presence of neuromuscular imbalance 
caused by a particular pattern of abnormal or spastic 
muscle group’s balance may contribute to further 
delay or even prevent correction of FNA (Renshaw 
and Deluca 2006; Sauser et al. 1986; Shefelbine and 
Carter 2004). Furthermore, it has been suggested that 
in some cases the same factors could lead to even 
increasing FNA from the neonatal value (Renshaw 
and Deluca 2006; William and Warner 2003a).

Therefore, childhood neuromuscular lesion 
remained the most likely explanation in our case. 
The lesions of lower motoneurons (flaccid type of 
paralysis), such as poliomyelitis which is usually 

(developmental) anteversion. The skeleton from 
this cemetery did not meet the main criteria for this 
diagnosis (bilateral and symmetric anteversion, and 
complete correction of the deformity by skeletal 
maturity, Table 2), since the observed FNA angle 
was unilaterally increased and the person was of 
adult age without correction of the condition.

As it is previously stated, the unilateral presen-
tation can speak in favour of asymmetric form of 
developmental dysplasia of the hip – DDH (Fabry 
et al. 1973; Fitzgerald et al. 2002; Subasiet al. 2008; 
Sugano, Noble, Kamaric et al. 1998), unilateral 
type of Legg-Calve-Perthes disease – coxa plana 
(Aufderheideet  al. 1998; Thompson and Salter 
1987) and neuromuscular disorders – hemiplegic 
cerebral palsy, myelomeningocele, chronic stage 
of poliomyelitis, and central motoneuron lesions 
other than cerebral palsy such as brain or spinal 
cord tumors or infections (Beals 1969; Bobroff 
et al. 1999; Cibulka 2004; Fabry et al. 1973; Glyn 
et al. 1966; Heftiet al. 2007; Lau et al. 1986; Lewis 
et al. 1964; Morrissy and Weinstein 2006; Murray 
and Robb 2006; Noonan 2006; Parsons and Seddon 
1968; Renshaw and Deluca 2006; Rogers 1934; 
Samilsonet al. 1972; Sauser et al. 1986; Shefelbine 
and Carter 2004; Skinner 2003; Staheli 1977; 
Tachdjian and Minear 1956; William and Warner 
2003a; William and Warner 2003b).

Prominently high value of anteversion angle, 
as well as a lack of specific morphological chang-
es of the proximal femur (changes of the femoral 
head: deformation, flattening, elongation, irregular 
articular surface lower than trochanter, lack of the 
fovea capitis, mushroom shape; and the neck: short-
ening, widening and decreased neck-shaft angle) 
did not support Perthes disease as an aetiological 
possibility in our case.

In unilateral cases of DDH not only is FNA 
angle increased on the affected side, but unaffected 
side also displays similar or even higher antever-
sion (Fabry et al. 1973). Unilaterally high FNA 
angle in our case, as well as lack of morphological 
characteristics of DDH (such as small head, short 
neck, shallow acetabulum) on either side, made 
DDH a rather unlikely diagnosis. In addition, lack 
of signs of secondary hip osteoarthritis at adult age 
was not compatible with either Perthes disease or 
DDH, given the natural progression of those two 
conditions which alter biomechanical homeostasis 
and frequently lead to premature degenerative joint 
disease (Sugano, Noble, Kamaric et  al. 1998). 



301The increased femoral neck anteversion in medieval cemetery of Pecenjevce. Aetiology and differential diagnosis…

asymmetric and with the known bone deformities 
in its chronic phase, also were candidates for the 
diagnosis in this skeleton. Given that paralysis due 
to poliomyelitis usually occurs before the age of 
five (William and Warner 2003b; World Health 
Organization), the growth of the proximal femur 
is frequently abnormal, leading to coxa valga, 
persistent femoral anteversion and other deformi-
ties (Morrissy and Weinstein 2006; William and 
Warner 2003b). Osseous growth potential in early 
childhood makes children more vulnerable to the 
secondary deformities; thus, the worst deformities 
develop in young children as well as in those with 
severe muscle imbalance (Morrissy and Weinstein 
2006). Hence, the effect of poliomyelitis on the 
skeleton is thought to depend on the period of 
life during which the infection was contracted. If 
it happens during childhood when the skeleton is 
still developing, the bones in the paralyzed limbs 
will be shorter and more gracile than those in the 
unaffected limb, and anteversion will be increased. 
On the other hand, if the disease is contracted after 
skeletal maturity, the bones of the paralyzed limb 
or limbs will be of the same length as those on the 
normal side; however, they will be more gracile due 
to disuse atrophy and will highly unlikely express 
such a high anteversion angle. In the paleopatho-
logical literature the childhood poliomyelitic bone 
changes on the skeletal remains are ascertained 
exclusively on the basis of observing limb length 
discrepancy (Waldron 2009), which was not found 
in our case. Like in other neuromuscular disorders, 
coxa valga, i.e., increased femoral neck-shaft 
angle can be found in an affected femur, which 
was opposite to the findings from our study. The 
lack of degenerative joint disease in the individual 
from Leskovac in spite of her advanced age could 
speak in favour of poliomyelitis, as poliomyelitis 
is thought to be associated with very low incidence 
of osteoarthritis (Glyn et al. 1966). However, the 
lack of other characteristic features on the skeleton 
(Table 2) in our case rebutted against poliomyelitis 
as a diagnostic possibility.

Differential diagnosis should also include 
myelomeningocele – a complex of congenital mal-
formations of the central nervous system commonly 
described as spina bifida (Noonan 2006; William 
and Warner 2003b). Sometimes, this disorder can 
lead to increased FNA angle (Noonan 2006). This 
neuromuscular disorder is depicted as hernia protru-
sion of the spinal cord and its meninges through a 

defect in the vertebral canal with consequent variable 
neurological defects depending on the location and 
severity of the lesion (William and Warner 2003b). 
According to Noonan (2006) myelomeningocele 
usually occurs in the low thoracic and lumbosacral 
regions (affecting function of the lower extremity) 
while the cervical region is rarely affected. Given 
the poor preservation of the vertebrae and the 
absence of other signs (bilaterality and shallow 
accetabulum) in our specimen, this diagnosis could 
not be established.

Overall, in our case, the most likely diagnostic 
possibility was cerebral palsy – a syndrome resulting 
from a non-progressive lesion of the developing 
brain. Although commonly misunderstood, the 
lesion is actually non-progressive since the cause 
is acute, but clinical manifestations change as the 
brain matures. Cerebral palsy can be caused by 
numerous prenatal, perinatal or postnatal factors. 
Thus, aetiology is quite diverse: from vascular 
reasons and birth head trauma, to infections and 
other causes. Furthermore, even nowadays the ac-
curate aetiology could be identified in only 50% of 
cases in clinical settings (Berker and Yalçin 2005). 
Although cerebral palsy is usually diagnosed as any 
nonprogressive central nervous system injury which 
occurred below the age of two (Berker and Yalçin 
2005; Renshaw and Deluca 2006), aetiological 
agents could also afflict the central motoneurons 
chronologically after the defined age producing 
the same clinical manifestations during childhood. 
As this differentiation does not have any impact 
on further prognosis, most authors refer to both 
lesions as cerebral palsy (Renshaw and Deluca 
2006). Deformity and displacement of the hip are, 
after the equinovarus foot deformity, the second 
most common orthopaedic problem in children 
with cerebral palsy presenting an increase in the 
severity and incidence of hip pathology with the 
severity of the palsy (Murray and Robb 2006). 
In cerebral palsy, FNA angle could be normal at 
birth (Shefelbine and Carter 2004), but would not 
decrease with growth (Beals 1969; Bobroff et al. 
1999; Fabry et al. 1973) and remains high at adult 
age (55 degrees on average: Lewis et al. 1964). 
Namely, changes to bone morphology in spastic palsy 
occur according to Wolff’s law and bone functional 
adaptation principle since the muscle forces acting 
on bones govern bone remodelling and development 
(Cibulka 2004). In clinical settings, the diagnosis is 
straight forward since it takes into consideration the 
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history of prenatal, perinatal and early postnatal life 
which is usually easily obtained from the parents 
of these patients (e.g., birth trauma). Other clini-
cal features of cerebral palsy in its various forms 
further make this condition easily distinguishable 
from primary bone and joint diseases. However, 
considering the lack of data from an archaeological 
context, diagnosing cerebral palsy in this case is 
quite challenging.

Given that there are two cardinal and two usual 
signs on dry bones (Table 2), the morphological 
features observed on this adult female skeleton 
were compatible with diagnosis of cerebral palsy. 
Tachdjian and Minear (1956) already reported 
that the degree of coxa valga (increased neck-shaft 
angle) in cerebral palsy is proportional to the loss of 
muscle power. Normal neck-shaft angle in this case 
suggested that the woman did not lose the muscle 
power excessively and that she continued to be active. 
In cases with neurological deficits, due to disuse of 
the paralyzed limbs, it can be expected that the bones 
of the affected extremity are more gracile and even 
shorter (if the paralysis appeared at an early age), 
which was not the case in this woman confirming 
that the individual was active. In addition, Renshaw 
and Deluca (2006) concluded that FNA values in the 
patients with cerebral palsy are higher in ambulatory 
than in non-walkers and observed that it does not 
change significantly after the age of six.

Comprehensive analysis of diagnostic possibilities 
led us to the most likely explanation of the increased 
femoral torsion in our case. Moreover, our study could 
also serve as diagnostic guidelines for determining 
the causes of increased femoral neck anteversion 
in further research in archaeological populations.

Conclusion

Analysis of the femoral neck anteversion angle 
in a medieval population from Leskovac revealed a 
case of unilaterally increased femoral neck antever-
sion indicative of asymmetric form of cerebral palsy. 
The differential diagnosis of increased femoral neck 
anteversion was under-studied in previous archae-
ological and anthropological literature. Systematic 
recording of the femoral neck anteversion could 
reveal the traces of various orthopaedic and neu-
romuscular disorders in past human populations.

Acknowledgements: This study was supported by 
the Ministry of Education, Science and Technological 
Development of the Republic of Serbia, grant number 
45005. We are grateful to National museum of 
Leskovac for consigning the osteological material 
used in this study. The authors would also like to 
express their gratitude toward professional, prompt 
and constructive revision which certainly contributed 
to improvement of our paper.

References Cited

Aufderheide, A.C., C. Rodríguez-Martín, and O.M. Langjoen 
1998. The Cambridge Encyclopedia of Human Paleopathology. 
Cambridge University Press, Cambridge.

Baker, L.D., R. Dodelin, and F.H. Bassett  1962. Pathological 
changes in the hip in cerebral palsy: Incidence, pathogenesis, 
and treatment: A preliminary report. Journal of Bone and Joint 
Surgery American 44:1331-1411.

Beals, R.K.  1969. Developmental changes in the femur and 
acetabulum in spastic paraplegia and diplegia. Developmental 
Medicine and Child Neurology 11:303-313.

Berker, N., and S. Yalçin  2005. The HELP Guide to Cerebral 
Palsy. Avrupa Medical Bookshop Co. Ltd. & Global-HELP 
Organization, Mart Printing Co. Ltd., Istanbul.

Bobroff, E.D., H.G. Chambers, D.J. Sartoris, M.P. Wyatt, and 
D.H. Sutherland  1999. Femoral anteversion and neck-shaft 
angle in children with cerebral palsy. Clinical Orthopaedics 
and Related Research 364:194-204.

Bukstra, J. and D. Ubelaker  1994. Standards for Data Collection 
from Human Skeletal Remains. Arkansas Archaeological Survey 
Press, Fayetteville.

Cibulka, M.T.  2004. Determination and significance of femoral 
neck anteversion. Physical Therapy 84:550-558.

Cobeljic, G., Z. Bajin, Z. Vukasinovic, A. Lesic and M. Vukicevic 
2005. Medial rotation deformity of the hip in cerebral palsy: 
surgical treatment by transposition of gluteal muscles. Srpski 
Arhiv za Celokupno Lekarstvo 133:36-40.

Crane, L.  1959. Femoral torsion and its relation to toeing-in and 
toeing-out. Journal of Bone and Joint Surgery American 41:421-428.

Fabeck, L., M. Tolley, M. Rooze and F. Burny  2002. Theoretical 
study of the decrease in the femoral neck anteversion during 
growth. Cells Tissues Organs 171:269-275.

Fabry, G., G.D. Macewen and A. R. Shands, Jr.  1973. Torsion of 
the femur: A follow-up study in normal and abnormal conditions. 
Journal of Bone and Joint Surgery American 55:1726-1738.

Fitzgerald, R.H., H. Kaufer and A.L. Malkani  2002. Orthopaedics. 
Mosby, St Louis.

Glyn, J.H., I. Sutherland, G.F. Walker, and A.C. Young 1966. 
Low incidence of osteoarthrosis in hip and knee after anterior 
poliomyelitis: a late review. British Medical Journal 2:739-742.



303The increased femoral neck anteversion in medieval cemetery of Pecenjevce. Aetiology and differential diagnosis…

Gudiera, K.J., T.M. Ganey, C.R. Keneally and J. Ogden  1994. The 
embryology of lower-extremity torsion. Clinical Orthopaedics 
and Related Research 302:17-21.

Harkess, J.  2003. Arthroplasty of hip. In Campbell’s Operative 
Orthopaedics, edited by S.T. Canale, pp. 315-482. Mosby, 
Philadelphia.

Hefti, F., R. Brunner, C.C. Hasler and G. Jundt  2007. Pediatric 
Orthopedics in Practice. Springer, Verlag Berlin Heidelberg.

Lau, J.H., J.C. Parker, L.C. Hsu and J.C. Leong  1986. Paralytic 
hip instability in poliomyelitis. Journal of Bone and Joint 
Surgery 68-B:528-533.

Lewis, F.R., R.R. Samilson and D.B. Lucas  1964. Femoral 
Torsion and Coxa Valga in Cerebral Palsy A Preliminary Report. 
Developmental Medicine and Child Neurology 6:591-597.

Magilligan, D.J.  1956.Calculation of the angle of anteversion 
by means of horizontal lateral roentgenography. Journal of Bone 
and Joint Surgery American 38:1231-1246.

Miller, F., Y. Liang, M. Merlo and H.T.  Harcke 1997. Measuring 
anteversion and femoral neck-shaft angle in cerebral palsy. 
Developmental Medicine and Child Neurology 39:113-118.

Morrissy, R.T. and S.L. Weinstein  2006. Lovell and Winter’s 
Pediatric Orthopaedics. Lippincott Williams and Wilkins, 
Philadelphia.

Murphy, S.B., S.R. Simon, P.K. Kijewski, R.H. Wilkinson, N.T. 
Griscom  1987. Femoral anteversion. Journal of Bone and Joint 
Surgery America 69:1169-1176.

Murray, A.W. and J.E. Robb  2006. The hip in cerebral palsy. 
Current Orthopaedics 20:286-293.

Noonan, K.J.  2006. Myelomeningocele. In Lovell and Winter’s 
Pediatric Orthopaedics, edited by R.T. Morrissey, and S.L. 
Weinstein. S.L., pp. 605-647. Lippincott Williams and Wilkins, 
Philadelphia.

Parsons, D.W. and H.J. Seddon  1968. The results of operations 
for disorders of the hip caused by poliomyelitis. Journal of Bone 
and Joint Surgery British 50-B:266-273.

Renshaw, T.S. and P.A. Deluca  2006. Cerebral palsy. In Lovell 
and Winter’s Pediatric Orthopaedics, edited by R.T. Morrissey, 
and S.L. Weinstein, pp. 551-603. Lippincott Williams and 
Wilkins, Philadelphia.

Rogers, S.P.  1934. Observations on torsion of the femur. Journal 
of Bone and Joint Surgery American 16:284-289.

Roksandic, M. and S.D. Amstrong  2011. Using the life 
history model to set the stage(s) of growth and senescence in 
bioarchaeology and paleodemography. American Journal of 
Physical Anthropology 145:337-347.

Ruby, L., M.A. Mital, J. O’Connor and U. Patel  1979. 
Anteversion of the femoral neck. Journal of Bone and Joint 
Surgery American 1:46-51.

Samilson, R.L., P. Tsou, G. Aamoth and W.M. Green  1972. 
Dislocation and subluxation of the hip in cerebral palsy: 
Pathogenesis, natural history and management. Journal of Bone 
and Joint Surgery American 54:863-873.

Sauser, D., R. Hewer and L. Root  1986. Hip changes in spastic 
cerebral palsy. American Journal of Roentgenology 146:1219-122.

Schoenecker, P.L. and M.M. Rich  2006. The lower extremity. 
In Lovell and Winter’s Pediatric Orthopaedics, edited by R.T. 
Morrissey, and S.L. Weinstein, pp. 1157-1211. Lippincott 
Williams and Wilkins, Philadelphia.

Shefelbine, S.J. and D.R. Carter  2004. Mechanobiological 
predictions of femoral anteversion in cerebral palsy. Annals of 
Biomedical Engineering 32:297-305.

Shrikant, R. and K.M. Arati  2009. Femoral anteversion: 
Comparison by two methods. The Internet Journal of Biological 
Anthropology ISSN:1939-4594.

Skinner, H.B.  2003. Current Diagnosis & Treatment in 
Orthopaedics. Lange, New York.

Staheli, L.T.  1977. Torsional deformity. Pediatric Clinics of 
North America 24:799-811.

Stirland, A.  1994. The angle of femoral torsion: An impossible 
measurement? International Journal of Osteoarchaeology 4:31-35.

Subasi, M., H. Arslan, O. Cebesoy, O. Buyukbebeci and A. 
Kapukaya  2008. Outcome in unilateral or bilateral DDH treated 
with one-stage combined procedure. Clinical Orthopaedics and 
Related Research 466:830-836.

Sugano, N., P.C. Noble and E. Kamaric  1998. A comparison of 
alternative methods of measuring femoral anteversion. Journal 
of Computer Assisted Tomography 22:610-614.

Sugano, N., P.C. Noble, E. Kamaric, J.K. Salama, T. Ochi and 
H.S. Tullos  1998. The morphology of the femur in develop-
mental dysplasia of the hip. Journal of Bone and Joint Surgery 
British 80-B:711-719.

Tachdjian, M.O. and W.L. Minear  1956. Hip Dislocation in 
Cerebral Palsy. Journal of Bone and Joint Surgery American 
38:1358-1364.

Thompson, G.H. and R.B. Salter  1987. Legg-Calvé-Perthes 
disease. Current concepts and controversies. Orthopedic Clinics 
of  North America 18:617-35.

Waldron, T.  2009. Paleopathology. Cambridge University 
Press, Cambridge.

William, C. and J.R. Warner  2003a. Cerebral palsy. In Campbell’s 
Operative Orthopaedics, edited by S.T. Canale, pp. 1213-1280. 
Mosby, Philadelphia.

William, C. and J.R. Warner  2003b. Paralytic disorders. In 
Campbell’s Operative Orthopaedics, edited by S.T. Canale, 
pp.1281-1362. Mosby, Philadelphia.

World Health Organization - Available online at: http://www.
who.int/ (November 13th 2011).


