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Review Article

Rigor Mortis and News obtained by the
Body’s Scientific Reconstruction of the
Turin Shroud Man
Abstract
After various tentative to artistically build a tridimensional form of the Turin Shroud (TS) Man, the
authors faced the problem of the scientific construction of a 3D model of this Man with an accuracy of
the order of 1 cm.
It is well known that the TS wrapped a human body heavily tortured, but it is not easy to build a 3D
model starting only from the 2D information shown on two body images visible on a linen sheet and on
the hypothesis that these images really corresponds to a real man wrapped in it.
The study showed that, while the two TS body images (frontal and dorsal) seem to appear not
coherent with the image of a human body because distorted in many parts, these two images are perfectly
coherent with the distortions provoked by a man wrapped in this linen sheet.
This model confirmed the evident rigor mortis of the human body and evidenced the particular
posture corresponding to the position on the cross that also showed a rotation never detected previously
of the human body around his spine. The study of this 3D model partially confirmed previous results but
also evidenced interesting news, like the position of the exit hole of the nail posed on the palm of the hand.
The Gospels place the Resurrection in the early hours of Sunday, at least 36 hours after death.
The effect of the preservation of rigidity up to this moment may be not consistent with the thanatochronological alterations expected in a man in the same pre-mortal clinical condition, but this problem
has been solved by the “mixture of aloe and myrrh” that allowed the preservation of the corpse, thus
prolonging the rigor mortis for tens of hours. In fact, this body seems not to have undergone any significant
putrefactive phenomenon.

Introduction
The Turin Shroud (TS), is a mortuary linen sheet 4.4 m long
and 1.1 m wide [1-3]. That wrapped the corpse of a tortured
man, scourged, thorn-crowned, crucified and stabbed in
the side [4-6]. A double - front and back - human image is
impressed on the TS and it is not explainable by science nor
reproduced [7].
Many believe that the TS is the burial cloth in which
Jesus Christ was wrapped, but others still think that it is an
artist’s work because the 1988 radiocarbon result [8]. Declared
it Medieval. Nevertheless this result is debatable [9], for
the presence of a systematic effect and more recent studies
demonstrated that the TS’ age is compatible with that in which
Jesus Christ lived in Palestine [10,11].
There are some clues indicating [12] that the TS was in

Palestine in the first century A.D. and then taken to Edessa
(current Sanliurfa in Turkey). The strict similarity between
the TS face and that of Christ on Byzantine coins (especially
the golden solidi and histamena), minted starting from the VII
century A.D. up to the Sack of Constantinople in 1204 and later,
demonstrates that the TS was known during the Byzantine
empire [13]. After this period, the “Shroud of Christ” appeared
in Europe in 1353 at Lirey in France and it was fire damaged in
1532, at Chambéry in France.
The TS shows many marks: those produced by blood, fire,
and water, that, with the creases, partially obscure the body
image, causing scientific analysis to be less easy, but it is clear
that this funeral cloth really wrapped a tortured dead man
[14,15] characterized by an evident rigor mortis [16].
The monochromatic dark-yellow color of the TS body image
has a peculiar feature: the variable intensity of this color can
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be related to the hypothetical body-cloth distance. In this way
the TS image contains 3D information [17,18]. For this reason
various scholars tried to reconstruct a 3D Man of the TS trying
to interpret the 3D information there contained.
For example L. Mattei [19], L.J. M. Miñarro and P. Soons
[20-22] built a life-size sculpture while Fanti et al. [11, 32, 33]
built a 3D numerical manikin of the TS Man. Nevertheless,
these studies produced interesting results but not completely
corresponding to the posture of the TS Man because of
the intrinsic difficulty to obtain a sufficiently good result
only starting from a 2D information reproduced on a linen
sheet with some 3D data obtainable by the hypothesis of a
particular draping configuration. In fact the above-mentioned
color intensity versus body-cloth distance relation needs a
hypothesis that quantifies this distance too. The following
section will synthetically explain how the authors have been
able to improve these results after building the new 3D model.
Based on the evident rigor mortis of the TS Man, well
evidenced during the studies performed to build the new 3D
model, this paper revises and improves the results previously
published by the same authors [23-26]. They again confirm the
sentence: “Only a man sustained by a faith in his mission, conscious
of his martyrdom, though young and strong, could bear such a
massacre with a deep and absolute peace of mind!” [25].

size of a standard man. The 3D information related to the color
intensity of the body image was instead used to identify the
proximity areas between the linen and the body, and therefore
the posture of the Man.
To build the 3D model, a wrapping of the linen around a
standard body was iteratively supposed. Linear distances
measurements between characteristic points were performed
directly on the 2D body image and afterwards flexible physical
replicas of such lengths were shaped according to the relevant
body morphology, iterating the process in order to reach
convergence between frontal and dorsal images. Once defined
the 2D median section, a trial-and-error procedure has been
followed starting from the construction of an iron skeleton of
the TS Man covered by modeling clay, figure 1, and wrapping
it with a TS copy in order to match the characteristic points
previously recognized on the 2D body images.
Once evaluated the incongruences, the modeling clay was
removed, the skeleton adjusted also on the basis of additional
models of head, legs, hands and feet properly prepared for
the purpose and the wrapping procedure was repeated up to
the detection of a congruence of the order of one centimeter
between the TS copy and the 3D model.
As a result, the compatibility of the 2D information of the

How the new 3D Model was obtained

TS image has been verified with the data relative to a standard

In general, a sculptor produces his handwork either by
copying a real subject, perhaps adding some subjective artistic
interpretation, or by producing an artwork of his own, based
on inspiration. This case is instead particular and someway
opposite: the aim of the sculptor Sergio Rodella and the

wrapping a 3D human body. In this case, the compatibility was

supporting scientific group was to rigorously produce a 3D

wrapped sheet.

man also accounting for the sheet distortions produced by the
reached selecting a man whose legs are about 3 cm longer than
the standard. 2D human shapes, that appeared not real from a
first sight on the TS image, resulted instead perfectly coherent
with the distortions produced by the imprint of a 3D man on a

model, starting only from both the information obtainable by
a 2D linen sheet reproducing a double image of a man - the

In addition, the more or less tight configuration of the TS

TS - and the information relative to the body morphology and

wrapping the Man has been studied; in fact the 3D relation

Figure 1:
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of the body image intensity with the cloth distance has been

another man would have gone through advanced destructive

detected but not quantified. A memory about this problem has

and putrefactive processes? What delayed these processes?

been presented [27]. In reference to the face wrapping and a

Perhaps He resurrected long before Sunday? Is perhaps the TS

relatively tight wrapping resulted: the maximum face-cloth

a fake?

distance resulted of 10 mm (Figure 2).

Thanato-cronology of the Shroud Man
According to the Gospel account, Jesus was deposed not
before 5:00 pm, just after Pilate’s consensus to Joseph of
Arimathea to depose the body of Jesus and after he had the
time to purchase the sepulchral linens.
Jesus was violently scourged with numerous skin wounds,
ragged-bruised; he was fatigued by the enormous workload
endured during the transport of the cross to Calvary; he had
been massacred by the falls to the ground when carrying
the heavy cross, nailed and bleeding, exhausted on the cross
for causalgia and the effort to breathe, thirsty and feverish
in a state of traumatic, hypovolemic, orthostatic, hypoxic,
metabolic shock, all conditions which have made an almost
immediate onset of rigidity after death. However this death
occurred in full consciousness and presupposes the onset of a
very short duration post-mortal flaccidity.
The temporal evolution of the rigor mortis must have been
much faster than the normal one observed in a subject dead of
natural death, without nutritional affections, without having
suffered violence and with muscular integrity, which develops
an intense, late and lasting rigidity.
The thanato-chronology deals with the death timing
and it both considers the destructive transformative and the
consecutive thanatological phenomena of the cadaver, that are
modifications immediately occurring after the post-mortal
period [28].
Thereafter Jesus, at 5:00 pm, was in a state of complete
and persistent rigidity not only until the burial despite the
manual operations to which he was subjected but also until
resurrection.
But here things get complicated. If the TS shows the body
image of Jesus, why does it represent a man still in its evident
rigor mortis if, in similar pre-mortal physical conditions,

For brevity and greater clarity, we have summarized in table
1 the probable thanato-chronology of the TS Man by comparing
it with that of a standard man, according to the literature data
[29], and at the same time with the events reported in the
Gospels.

Results of the body reconstruction of the TS Man
The construction of the 3D model of the TS Man allowed
to obtain the following results, some of them new and not
previously expected. The resulting human body produced by
the detailed study is of extraordinary beauty, well proportioned,
fixed in his post-mortal collapse still hanging on the cross,
apart from the recomposition of the head, arms and feet;
He shows evident signs of intense muscular effort along the
whole body, isometric type, with muscular prominence, and
respiratory reliefs.
The 3D model was built in reference to the photo of the TS
made by Giandurante in 2002 and then was referred to a man
180 cm tall; Figure 2 shows the resulting posture of the model
that from the top of the head to the tiptoes measures 183 cm.
Nevertheless it must be considered that the reference photo
was taken in 2002 just after the heavy intervention during
which the patches, put on the Relic in the XVI Century after
the Chambéry fire, were removed and the TS was stretched up
to 8 cm from one edge to the opposite one. In this occasion
it results that the TS Man was stretched of about 3 cm and
therefore the reference model was 177 cm tall before 2002.
The body, having the feet fixed on the cross and the arms
stretched with the hands nailed, seems to have slipped along
the stipes so that the trunk is only a little detached from the
stipes at mid-dorsal level while the shoulders, the neck and the
head inflected forward.
The rigor is not coherent with a supine human body,
but with a man crucified in a vertical position with his head
bent forward [11], caught between the shoulders. These last
remained in a raised position even when his arms, in rigor,
were moved down [25].
The head, tilted forward of 40°, is 16 cm distant from the
stipes at the nape of the neck.
The face was a little different from the usual iconography
derived from the TS because the distortions due to the sheets
wrapping and wrinkles. It is a bit thin, despite the swelling from
beatings, the eyes are sunken (the right eye is slightly more
retracted), the eyelids are lowered (the right eye seems almost
ajar), the nose is sharp, slightly deformed by the fracture of the
nasal septum and the facial muscles are relaxed (it is known
that the muscles of the head are the first to contract and the
first to relax). Apart from the alterations due to traumas and

Figure 2: Final life-size 3D model of the TS Man.

dehydration, we begin to glimpse the real face of the TS Man.
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Table 1: Probable thanato-chronology of the TS Man (in gray chronology, in white timing, in brackets probable duration).
Post mortal phases

TS Man’s
timing

Standard corpse’s TS Man’s chronology:
timing
rigor mortis

Death
Flaccidity duration .
Flaccidity term
and onset rigidity.
Development of complete rigidity
progressing downwards (head-lower
limbs).
Complete rigidity

Friday 3:00 pm

5-35 min
(20 min)

2-4 h
(3 h)

Friday 3:20 pm

5-75 min
(40 min)

6-12 h
(9 h)

Friday 4:00 pm

TS Man’s
chronology:
according to
Gospels
Friday 3:00 pm

Phases of events according
to the Gospels

“With a loud cry, Jesus breathed his last. “(Mc
15:37).

Request of the Jews to Pilate of crurifrage to the
crucified men.
Pilate consents.
Crurifrage to the two crucifixes. Spear shot on the
side of Jesus.
Friday 4:00 pm

Jesus remains hanged on the cross
Joseph of Arimathea asks and obtains the release of
the body of Jesus. He buys the drapes.
Nicodemus brings myrrh and aloe.

Friday 5:00 pm
Reversible rigidity at the joints*.

1-2 h
(90 min)

7-8 h
(7.5 h)

Beginning of maximal rigidity.

Duration of restoring stiffness to
mobilized joints.

Friday 5:20 pm

Maximal rigidity.

3-5 h
(4 h)

Beginning of the resolution of the
rigidity **.

36-48 h
(42 h)

36-48 h
(42 h)

Deposition from the cross.
Transport and preparation of the corpse on the
sepulchral stone. Deposition and wrapping of the
body in the TS.

Friday 5:30 pm

3-5 h
(4 h)

Beginning of the deposition
Sudarium on face. Unnailing.

Friday 6:00 pm

Closing entrance of the sepulcher, sealed with stone.

Sunday
3:00 - 5:00 am

Explosion of energy responsible for the image and

Friday 9:30 pm

disappearance of the body.
The resurrection is documented on Sunday morning ***.

NOTES: * With the possibility of straightening the head, positioning the arms towards the pubis, spreading the feet.
** The end of maximal rigidity and the duration of resolution of stiffness, are slowed by the "mixture of myrrh and aloe" brought by Nicodemus. The delay of about a
day, compared to the time expected by some authors [28], in the resolution of the stiffness and the beginning of decomposition of the corpse can be attributed to the
antimicrobial, antiputrefactive, desiccating and braking action the tissue autolysis of the royal quantity of powders of myrrh, aloe and probably also of natron, burial salt,
normally used according to the Syro-Jewish burial tradition [31].
*** The hour is not clearly defined, but according to the Gospels, the Resurrection took place early in the morning, from when it was dark (Jn 20: 1) until dawn (Mt 28: 1).

The face obtained expresses a majestic serenity, arousing an
intense emotional participation.
Two columns of hair on the face sides probably hide the
chin-band, applied during the deposition.
The head is bent forward, bent to the right of 10 degrees;
the nape is high and tense.
The right shoulder is lowered by 2.5 cm while the vertebral
column is in axis.
The right humerus is lowered by 3 cm, then dislocated or
subluxated at the shoulder joint.
The thorax is hyper-expanded, in inspiration, and the
maiores pectorales muscles are contracted and prominent.
The lance wound is placed in the sixth intercostal space
between the anterior axillary line and the hemiclavear. Route
hypothesis spear: the path of the lance with the soldier on the
ground. Thorax in inspiration [26].

The shoulder blades are approached to the vertebral
column, fixed in rigor mortis, proper to a person who had his
arms nailed on the patibulum.
The dorso-lumbar musculature is tense; the lumbar lordosis
is light, like a body that slid down the cross when it collapsed.
The right hand is extended, flat, with fingers that lap
the outer edge of the left thigh, elongated for the humeral
dislocation.
The left hand is superimposed on the right with flexed
fingers that seem to “hold” the other hand: this supports our
hypothesis: the “claw hand” due to proximal lesion of the
ulnar nerve was probably recomposed by stretching the fingers
that then contracted partially again preventing the separation
of the hands.
The arms give the impression of a flaccidity with the elbows
not tense but resting on the sides, sign of poor rigidity. This is
compatible with the orthostatic hypoperfusion of the muscles
of the upper body in a man hanging from the cross.
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The left thumb is retracted; the right is covered by the
overlying hand.
The exit hole of the nail on the back of the left hand is placed
under the carpo-metacarpal joint just distal to the bases of the
third and fourth metacarpal bones. It’s an unexpected datum
because a more proximal nailing was hypothesized in Ref [25].

experiment, of a young man of the same age and height, tied to
the cross (Figure 3).
The thighs and legs are closely juxtaposed.
The feet are plantar hyperflexion and parallel, the left
higher. The right foot rests on the stipes only with the heel
while the plant is slightly detached, with a foot-stipes angle

The epigastrium is hollowed, in the inspiration phase and

of 16°. This suggests that under the foot, some subtle support

in the position of a man with arms stretched out by nailing.

was perhaps put, like a rudimentary suppedaneum, or, more

The hypogastrium is prominent, probably due to the incipient

likely, it was practiced a hollow with by means of a gouge on

putrefactive phenomena with intestinal gas formation, while

the stipes also to increase the suffering of the condemned. The

not all the other parts of the human body evidence any sign of

left foot is also slightly turned inwards, resting on the right

putrefaction. According to the authors, it is the proof that if the

side of the malleolus. Probably the feet were moved from

TS Man was Jesus, he was a true man up to the resurrection.

their superimposition but the rigor mortis fixed them in this

The buttocks are well contracted, fixed by the rigidity.

position.

The right, better imprinted, was interpreted with a greater

The entrance hole of the nail, in the right foot, has been

flattening on the 3D model, leading to think to a greater

identified between the third and fourth metatarsal bone, taking

pressure of this body’s side on the cross.

into account the denser part of the TS bloodstain on the back of
the foot; the exit hole is easily recognizable at about 40% of the

The knees are bent: the right one with an angle of 45°; the

length of the foot starting from the heel. The path of the nail

left of 50°. The left knee is a bit more raised than the right

is compatible with the nailing of the left foot on the right, with

one. This flexion resulted similar than that found in our in vivo

our experiments on plaster casts figure 4. Evidently the nail
went out from the soft parts of the sole of the foot.
The entrance hole in the left foot has been hypothetically
identified in the first intermetatarsal space, a position that
allows the crossing of the feet and their nailing.

Comments
The scientific reconstruction of the 3D model of the TS
Man allows the following comments
1. The lengthening of the right upper limb and the lowering
of the right shoulder are confirmed. These two data together
with the posture of the hand, the extended fingers, and
probably the retraction of the right eye confirm the author’s
opinion that the TS Man suffered a severe trauma to the neck,
chest and shoulder, probably by falling under the weight of
the cross: He also had the dislocation, or at least subluxation,
of the right shoulder and injury to the entire right brachial
plexus with limb paralysis, ipsilateral Claude-Bernard-Horner
syndrome (palpebral ptosis, enophthalmos, miosis) due to
paralysis of the stellate ganglion located at the neck base.
2. The same posture of the left hand with flexed fingers
seems compatible with a claw-like hand attenuated during the
Figure 3: Experiments of crucifixion (on the left) compared with the resulting rigor
mortis of the 3D model of the TS Man (on the right).

recomposing maneuvers of the corpse on the sepulchral stone.
(In fact, the typical hand of a crucifix is the so-called “blessing
hand” from injury to the median nerve). This validates the
author’s hypothesis that the TS’ convict suffered a strong
stretching of the left arm with ulnar nerve injury during the
crucifixion.
3. Head position. The iconographic tradition depicts Jesus
Christ on the cross with his head bent forward, but turned to
the right and this likely originated from direct testimony. This

Figure 4: 3D models of feet produced to study in the details the posture of the TS
Man.

posture of the head can be explained by the consequences of
the fall of Jesus, which has led to a paralysis of the posterior
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muscles of the neck saving the sternocleidomastoideus

So, what could have held the nail forcing it to remain in a

and so with a posture similar to a person with wryneck. It’s

position so unlikely, and then to resist to the weight of the body,

logic to think that the head has been straightened during the

without imagining any reinforcing system, like ligamentum

positioning of the body in the sepulcher, before being placed in

carpi transversus, or cords? With this hypothesis, the popular

the TS. This operation was quite easy, despite the rigor mortis,

and iconographic tradition that places the nailing in the palm

since the right of the neck muscles were largely paralyzed.

of the hand takes its merit again. Obviously, all this explanation

4. A nail with an exit hole on the back of the hand in the third
intermetacarpal space, near the bases of the third and fourth
metacarpal bones, until now has never been suggested neither
from us nor from other scholars because it appears unlikely.

applies to the left hand, while the nailing hypotheses already
formulated by the authors for the right hand remains valid. In
addition to this we must remember that also the position of the
entrance hole is not visible on the TS.

Indeed, a nailing at this level would be little performable and

5. It is known the antibacterial and antifungal action of

inadequate to support the applied forces because without

the terpens contained in the myrrh [29]; the same applies to

ligaments. In this case, the hand would have torn and probably

the aloe vera [30]. Their action was known since antiquity: in

would not have supported the body if cords posed along the

the first century AD Pedanius Dioscorides, in his treatise “De

arms on the patibulum did not bind it.

Materia Medica” suggested “anti-putrid” and “conservatives”

We tried to imagine a Roman soldier piercing his wrist
immediately proximal to the transverse ligament of the carpus

aromas, and he indicated mixtures aloe and myrrh in specified
proportions.

(knowing that this ligament “holds” ...) and then tilting the nail

Claudius Galenus (129-200 A.D.) suggested sprinkling the

trying to reach the hypothetic preformed hole on the wood of

burials with aloe and myrrh for their dehydrating without

the patibulum, which was probably distant a little further. (Due

corroding qualities: “Vis siccandi citra mordacitatem” during

to the low quality of the iron nail, the hole in the patibulum was

the plague of 166 A.D. in Rome. Aetius, archiater of the

probably preformed.)
As the nail progresses obliquely under the transverse
ligament of the carpus (and in direct contact with the median
nerve!), it would have travelled the soft tissues of the palm,
thus reaching the bone plane at the beginning of the space
between the third and fourth metacarpal bones.
At that point the soldier would have straightened the nail
(evidently deforming and “pulling” the soft palm tissues,
including ligamentum carpi transversus) and the nail would
come out dorsally at the above mentioned level, and finally
penetrating the hole in the wood. In other words the nail would
then have been used as a “lever” that allowed the soldier to
additionally pull the hand by using the hole in the wood. This
could explain why the nail remained at the proximal end of the
space between the third and fourth metacarpal bones,, without
being dragged more distally.

Constantinople court, in his treatise on the conservation of
corpses, recommended, sufficient for the purpose, one pound
of myrrh and one of aloe [31].
Natron, that is a white powder of sodium carbonate, was also
used in funeral practice and even more for mummifications. It
was extracted from the immense salt ponds of the Nile’s delta
and it has a strong dehydrating action (a sodium carbonate
molecule can bind to ten molecules of water: Na2CO3.10H2O),
thus maintaining cadaveric rigidity and retarding the muscle
fibers autolysis.
6. Jesus was treated as a king during the burial procedure
because his body was laid down with care over a “mattress” of
spices strewed on the gravestone. However, the human body
was not completely relaxed but rigidly bent to the knees and to
the head. But the TS must have been in contact on the whole
back side of the human body to be marked by the explosion

If, in fact, the nail was introduced “transversely” and not

of energy responsible of the image, even in the hollow of the

obliquely as here hypothesized, or if even the palm of the entry

knees and under the head that must be therefore placed some

hole was located in the most proximal part of the space between

decimeters far from the sepulchral stone.

the third and fourth metacarpal bones,, we expect a different
situation from that of the TS, and described by the 3D model.

We must therefore imagine something that was put
underneath head and knees to support the sheet in proximity

We think that, when passing into the narrow proximal

to the human body: we can imagine something like the sheets

space between the third and fourth metacarpal bones, the large

used to transport the corpse from the cross to the sepulcher, or

nail “slides” spontaneously more distally, because the space

the sudaria, the large handkerchiefs used to cleanse the body,

is narrow at the level of the metacarpal bases and the cortical

or pillows, or rolls of linens impregnated with spices.

bones of the two metacarpals demarcating it, are inclined and
approach each other until mutual contact.

7. The problem regarding the real procedure used to nail
hands and feet is not completely solved and the creation of this

In short, it is expected that the dorsal exit hole visible on

3D model has added other reasons for new studies. The TS never

the TS is more distal, in the relatively wider space between the

ceases to surprise, to push to formulate new and more detailed

third and fourth metacarpal bones, which corresponds to their

hypotheses and ... to err. The important for a researcher is to

diaphysis to the middle third (and not to the narrower space

be humble and to be ready to revise the hypotheses previously

corresponding to their proximal third).

formulated on front of new scientific information!
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Conclusion
On the basis of the experience acquired by the authors
that already faced the problem of the construction of a 3D
model of the TS Man [11,19,20,22,32,33], it is here presented
the construction of a scientific model of the TS Man with an
accuracy of the order of 1 cm.
This model confirmed the evident rigor mortis of the human
body shown on the most important Relic of the Christianity and
evidenced the particular posture coherent with the position on
the cross, a part from arms, head and feet that were partially
moved during the burial procedure.
This very peculiar posture that also shows a rotation never
detected of the human body around his spine, has been here
studied from a medical point of view thus confirming many
hypotheses previously formulated [23-26], but also evidencing
interesting news like the position of the exit hole of the nail
posed on the palm of the hand and not on the wrist [32,33].
Our research has also tried to clarify the evidence of the
preservation of rigidity up to the moment of the Resurrection
that the Gospels place in the early hours of Sunday, at least 36
hours after death.
In fact, it is not in line with the standard opinion relative
to the thanato-chronological alterations that would have
occurred in a man in the same premortal clinical condition.
Nicodemus seems the solution to the problem because his
“mixture of aloe and myrrh”, a regal quantity of a hundred
pounds, a composition well known in the funeral art, allowed
the preservation of the corpse thus prolonging of the rigor
mortis for tens of hours.
This work, in addition to those already published [23-26],
evidences additional correspondences between the TS Man and
the description of both the Jesus’ Passion in the Gospels and in
the Christian Tradition. These clues are in favor of the previous
formulated hypothesis that the TS Man is Jesus of Nazareth
who resurrected from the death.
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