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Abstract

Bifacially backed knives (“Keilmesser”) are known from 
different European Middle Palaeolithic contexts. 
However, this specific tool type is both so characteristic of 
and so frequent within Central and Eastern European late 
Middle Palaeolithic bifacial assemblages which are gen-
erally classed together as “Micoquian” that they should 
more appropriately be described by the term 
“Keilmessergruppen” (KMG). The KMG sites of Central 
Europe date into late OIS 5 until mid-OIS 3.

The present paper summarizes the morphological 
characteristics of this eponymous tool type, evaluates the 
evidence for its functional use, and examines the morpho-
logical variability of the Keilmesser uncovered at the site 
of Buhlen, Germany, in terms of their chaînes opératoires 
of manufacture and their use and re-use until their final 
discard. The Buhlen finds provide detailed data for the 
complex and highly standardized Keilmesser manufacture 
and reduction concept. A certain degree of individual 
variation of the Buhlen assemblage of lateralized asym-
metric tools must, however, be interpreted as evidence for 
Neanderthal hand preferences. The Buhlen data further 
contribute to an improved understanding of Neanderthal 
learning behaviour.
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6.1  Introduction

Bifacially backed knives (Keilmesser) are closely related 
to handaxes (Hahn 1991) and can be found in different 
Middle Pleistocene archaeological lithic assemblages 
(e.g., Jöris 2006; Marks et  al. 2002). The morphological 
distinction of Keilmesser from handaxes is often rather 
arbitrary, since one form merges into the other. Within 
Upper Pleistocene contexts, the morphology of late Middle 
Palaeolithic Keilmesser that date into the later stages of 
OIS 5 until mid-OIS 3 (see Jöris 2004, 2006) is, however, 
appreciably more standardized. Contrasting handaxes, the 
tool type is characterized by its overall asymmetry with a 
single acute cutting edge opposed by a natural or roughly 
worked back (Jöris 2012, 2006), while handaxes are in 
general more symmetrical in their longitudinal axes, most 
often displaying two acute edges. Transitional forms to 
handaxes hardly exist in late Middle Palaeolithic contexts 
(see Jöris 2004). Keilmesser are normally found together 
with other bifacially worked tool types as frequent ele-
ments in the Central and Eastern European late Middle 
Palaeolithic. They usually occur in assemblages together 
with Faustkeilblätter (thin bifacial and sometimes foliate 
scrapers; for Faustkeilblätter in older contexts, see 
Matskevitch et al. 2001) or other, mostly small, bifacially 
worked forms such as small handaxes referred to as Fäustel 
or Halbkeile (Bosinski 1967). Strongly asymmetrical 
handaxes known as Micoquekeile are also occasionally 
found in such contexts. Besides these forms, Keilmesser 
assemblages are rounded off by a broad spectrum of unifa-
cial tool forms of far less standardized shapes (see Bosinski 
1967; cf. Jöris 2004, 2006).
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In view of the frequency of Keilmesser in many late 
Middle Palaeolithic assemblages, the last few years have 
seen an increasingly prevalent use of the term 
Keilmessergruppen (KMG) (Mania 1990: 144–148; Veil 
et al. 1994; see also Jöris 2004, 2006, 2012). This term pri-
marily defines the Upper Pleistocene Central and Eastern 
European lithic assemblages (Fig. 6.1) on the basis of spe-
cific bifacially worked tool forms, particularly the Keilmesser, 
and is preferred here to the earlier definition of the 
“Micoquian” (Günther 1964; Bosinski 1967; for a detailed 
discussion see Jöris 2004). Important KMG assemblages in 
western Central Europe include the German sites of 
Königsaue, Sachsen-Anhalt, in the foreland of the northern 

Harz uplands (Mania and Toepfer 1973), Lichtenberg in 
Lower Saxony (Veil et al. 1994), some assemblages from the 
Balver Höhle in Westphalia (Günther 1964; Jöris 1992), the 
lower assemblage III from the northern Hessian site of 
Buhlen (Bosinski and Kulick 1973; Fiedler and Hilbert 1987; 
Jöris 1994, 2001; cf. Bosinski 1969a), Bockstein III (Wetzel 
1958; Wetzel and Bosinski 1969; cf. Bosinski 1969b), 
Klausennische (Bosinski 1967), and the assemblages from 
the Layer G complex at the Sesselfelsgrotte in the central 
part of the Altmühl valley (Richter 1997). Sites in eastern 
Central Europe include Zwolen, Wylotne, and Ciemna, all in 
Poland, and Kůlna Cave in the Czech Republic (see Jöris 
2004, and references therein).

Fig. 6.1 Distribution of major Keilmessergruppen (KMG) sites in 
Central Europe, mapped against the palaeogeographical conditions dur-
ing the last glacial maxima, showing lowered glacial sea levels (~ 
−120 m for the last glacial maximum at ~24.5 ka BP) and glacial ice 
advances (thick dotted line, maximal ice advance during the last glacial 

maximum at ~24.5 ka BP; thin dotted line, approximate ice advance 
during the first glacial maximum of the last glacial at ~65 ka BP). The 
site of Buhlen, Hesse (Germany), is highlighted by a triangle (Jöris 
2004, modified with permission). (Map: Olaf Jöris)
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6.2  On the Definition of the Keilmesser: 
A Note on Morphology

Keilmesser are, in general, bifacially worked asymmetric 
core tools possessing a single acute cutting edge, which is 
formed by bifacial retouch, sequentially applied at one face 
after the other, opposed by an un-worked or roughly worked 
(only in rare cases more carefully worked) back (Figs. 6.2 
and 6.3; Krukowski 1939; Wetzel 1958; cf. Bosinski 1967; 
Bordes 1981: p.  82; Kulakovskaya et  al. 1993; see also 
Chmielewski 1969, 1975; Kowalski 1967). In its distal part 
the back of the tool quite often merges into a second, relative 
acute edge, which converges toward the distal tip of the tool 
to meet with the working edge. The back of a Keilmesser – 
opposite to its cutting edge  – normally forms the thickest 
part of the tool. It is integrated into the overall concept of 
tool morphology and most often takes into account the origi-
nal shape of the piece of raw material used (Jöris 2001; Veil 
et al. 1994).

The morphological concept of this type of tool creates the 
triangular or wedge-shaped (German: Keil-förmig) cross 
section that gives this category of artifact its name (Figs. 6.2 
and 6.3; Jöris 2001, 2012). This has led to the general adop-
tion of the term Keilmesser in current German-language pub-
lications, whereas older works describe these pieces as 
“handaxe side-scrapers” (Faustkeilschaber; Müller-Beck 
1983), “backed bifaces” (biface à dos; Bordes 1961), or 
“prondniks” (Krukowski 1939: “prądnick”).

Not least because of the pointed and acute angle of their 
working edge (<60°; see Gladilin 1976; Kuchartchuk 1989), 
Keilmesser are generally interpreted as cutting tools, being 
distinct from scrapers (Veil et al. 1994). The angle of the cut-
ting edge may, however, be altered by (sometimes repeated) 
re-sharpening, so that a strictly metrical separation of side- 
scrapers and knives – based on the angle of the retouched 
acute edge – is problematic.

Keilmesser are commonly characterized by highly stan-
dardized sequences of flat surface retouch (Jöris 1994, 2001, 
2006; Richter 1997). The sequence of retouch normally 
results in a tool with a flatter lower surface and a more 
strongly curved upper surface, so that the form of the “typi-
cal” wedge-shaped cross section is actually half- planoconvex 
(cf. Fig. 6.4).

Due to their longitudinal asymmetry and the convexity of 
their upper surface, it is possible to distinguish between left- 
and right-sided Keilmesser. These have their working edges 
on the left and right, respectively, when the convex dorsal 
side of the artifact is viewed with the tip facing upward. 
Figures 6.2 and 6.3 present right-sided Keilmesser.

The concept of the Keilmesser implies that the majority of 
them was handheld (Fig. 6.5) and that hafting can largely be 
ruled out, although some specimens with thinned backs are 

transitional in form to foliate tools such as foliate scrapers 
(Faustkeilblätter), for which hafting may be assumed (Mania 
and Toepfer 1973). The rather standardized Keilmesser 
thickness at the back that is documented in the Buhlen-III 
assemblage (Jöris 2001) enhances the interpretation of the 
tools being handheld. The overall Keilmesser morphology 
and their half-planoconvex cross section (cf. Fig. 6.4) allow 
for different grips, implying multi-functional handling of the 
tool (Figs. 6.5 and 6.6).

Although the size of the tools varies at some sites greatly, 
they normally measure between ca. 2.5 cm and 12–18 cm in 
length.

6.3  Morphological Variation

On the basis of their shape and perimeter characteristics it is 
possible to distinguish different forms of Keilmesser 
(Fig.  6.2; Bosinski 1967; Kulakovskaya et  al. 1993). The 
morphological differentiation of the different Keilmesser 
shapes is based primarily on the relative proportional lengths 
of the individual sections of the tool’s perimeter or edge. 
Hence, the form of the piece is largely determined by the 
position of the back and the normally un-worked or only 
roughly modified or thinned base.

In this way a range of Keilmesser shapes have been distin-
guished, named after well-known sites. They are variously 
referred to as “Königsaue-type Keilmesser”; “Lichtenberger 
Keilmesser”; “Bockstein,” “Prądnick,” or “Klausennische” 
“Messer”; and “Balver” or “Buhlener Keilmesser” (Fig. 6.2; 
for discussion see Jöris 2006, 2012). The differing relative 
proportions of these forms at the various sites have repeat-
edly been interpreted as being of chronological significance 
(e.g., Bosinski 1967, 1969b; see discussion in Jöris 2004), 
following the idea that a specific form would be replaced in 
the course of time by the next youngest one. However, metri-
cal analyses show that the boundaries between the different 
Keilmesser shapes are not rigid (Fig. 6.7). Their form is in 
fact predetermined to a considerable extent by the nature and 
morphology of the raw material used or the blanks produced 
and furthermore reflects different stages in the reduction of a 
tool during its use and subsequent modification (e.g., Jöris 
2001, 2006).

If tabular raw materials were used, as at Klausennische, 
the back of the tool was usually formed by one broken edge 
of the stone plaque (Rosenbaum 2004). The use of flattened 
pebbles tends to produce forms in which the back and the 
base form shorter sections of the edge (e.g., Veil et al. 1994). 
The same is true of Keilmesser produced from thicker flakes, 
the backing of which is often created by asymmetrical work-
ing or by backing retouch (cf. Bourguignon 1992). When the 
raw material utilized was in the form of an angular chunk, 
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Fig. 6.2 Half-schematic illustration of the spectrum of different shapes 
of Keilmesser relative to the position of their back and base (thick line) 
and the configuration of the distal posterior part of the tool. Unworked 
parts or thinning retouch oriented from the base and back of the tool are 

shown in grey, the flat surface retouch of the working edge in blue, and 
thinning of the back of the distal posterior part of the tip in orange. 
(Jöris 2001, 2006, modified with permission (for an alternative nomen-
clature see Kulakovskaya et al. 1993). Graphic: Olaf Jöris)
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the back was commonly thinned by removing a single large 
flake from the thickest part (“Buhlener Keilmesser”; Jöris 
2001). In general it can be seen that the back of the tool was 
integrated into the concept of manufacture from the begin-
ning of the conception of the tool. Depending on the form of 
the raw material used (including larger flakes used as blanks), 
the manufacture of the Keilmesser began directly with the 
surface retouch intended to give the tool its final form. There 
is rarely an initial stage of roughing out of a pre-form of the 
tool; this is compensated for by the investment made in the 
careful selection of the form of the piece of raw material 
(Jöris 2006, 2012).

Not all Keilmesser are true core tools; they can also be 
manufactured from flakes that have been more or less com-
pletely retouched over on both surfaces. In these specimens 
the cross section of the tool is normally less clearly wedge- 
shaped, though usually still asymmetrical. But in each of 
these cases the edge opposed to the tool’s working edge is 
significantly blunter.

In conclusion, comparison of all morphological criteria of 
the Keilmesser allows them only to be classed together under 
the single defining category of Keilmesser, which can be 
characterized by the presence of a single rectilinear bifa-
cially worked cutting edge and an opposed back (Figs. 6.2, 
6.3, and 6.4).

6.4  The Buhlen Case Study

The Upper Site of Buhlen, northern Hesse, Germany, repre-
sents a collapsed rock shelter that has been excavated by 
Gerhard Bosinski between 1966 and 1969 in its almost entire 
spatial extent (Bosinski and Kulick 1973). The basal find 
complex, Bu-III, produced the largest KMG assemblage 
uncovered in Central Europe, comprising several hundred 
thousand artifacts that derive from a total surface of less than 
80 m2 (Jöris 2001). To the periphery of the small, collapsed 
rock shelter, however, the assemblage mixes up with the 

Fig. 6.3 Above: 
standardization of the cutting 
edge of different tool forms 
from Lichtenberg, Lower 
Saxony (Germany). (Altered 
from Veil et al. 1994). Below: 
size-independent overlay and 
projection of the acute edges 
into a “standardized” 
Keilmesser (Jöris 2004, 
reproduced with permission). 
Not to scale. (Graphic: Olaf 
Jöris)
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lithic material of succeeding Middle Palaeolithic occupa-
tions (Bu-II). According to sedimentological and biostrati-
graphical arguments, Bu-III dates to the transition from late 
OIS 5a into early OIS 4 (Jöris 2004; 2001).

Almost all of the lithics (i.e., >99%) are made of black 
silicified schist (= “lydite”) that can be found within the 
wider region and even in river terraces immediately near the 
site. Only a few other raw materials could be recognized, 
among which more greenish silicified schist is next frequent 
(Jöris 2001). The silicified schist mostly appears in form of 
poorly rounded angular river pebbles that could immediately 
be retouched to produce Keilmesser.

The Bu-III KMG assemblage is characterized by the 
entire chaîne opératoire of Keilmesser production 
(Table 6.1), including 4988 flakes from bifacial shaping and 
thinning plus 182 bifacial tools and 51 semi-bifacially 
worked scrapers (Prądnick scrapers, n = 51) which seem to 
“mimic” the chaîne opératoire of the larger bifacial tools 
(Jöris 2001). On average every biface is form-shaped 
through more than 27 flakes from bifacial shaping, thinning, 
and (re-)sharpening. Most of the bifacial tools (i.e., n = 168; 
Figs. 6.8 and 6.9: 1–2) and the Prądnick scrapers (Figs. 6.9: 
3–5 and 6.10) are characterized by the regular – and in many 
cases repeated  – removal of lateral spalls (i.e., Prądnick 
spalls) running from the tool’s tip to sharpen the acute cut-

ting edge in its distal part (Figs. 6.11 and 6.12; cf. Fig. 6.4). 
This method has been repeatedly described as “Prądnick 
technique” or “Prądnick method” (e.g., Bosinski 1969a). 
The Prądnick spalls outnumber the tools about seven times 
(Table 6.1).

6.4.1  The Prądnick Method

The Prądnick technique is a special method of sharpening 
the distal part of a worked, acute cutting edge characterized 
by the removal of one or more elongated spalls. In its pri-
mary and highly standardized application to Keilmesser, the 
Prądnick “technique” (or better: method) is restricted to 
KMG assemblages (Jöris 1992, 2006) although the underly-
ing technical principle corresponds to the coups de tranchet 
often applied to later Acheulian handaxes (e.g., Uomini 
2011) or those of the late Middle Palaeolithic Mousterian of 
Acheulian tradition of Western Europe. Generally, the 
Prądnick method involves the renewal of a lateral (usually 
bifacially) retouched working edge by one or more blows 
applied to the distal end of the tool, producing long and nar-
row “sharpening spalls” (e.g., Bosinski 1969a) that follow 
the crest of the acute edge and run on the convex upper sur-
face of the tool (cf. Fig. 6.4). As for the Keilmesser, it is pos-
sible to identify left- and right-lateral Prądnick spalls (cf. 
Cornford 1986).

The removal of these sharpening spalls required most 
careful preparation. For example, the sharpening process 
was often optimized by previously blunting the cutting 
edge along which the flake would be struck (Jöris 2001, 
2006). The pattern of flake scars on the dorsal face allows 

Fig. 6.4 Idealized cross section of a right-sided Keilmesser (cf. Sect. 
6.2: i.e., with the scar of the Prądnick spall to be found on the convex 
and more curved upper surface; note the half-planoconvex cross section 
of the tool), taking into account the average dimensions (~4 cm wide 
and 2.2 cm thick) of the larger (i.e., > ~6 cm length) Keilmesser from 
Buhlen, Hesse (Germany). The section is drawn from the user’s per-
spective with the tip of the tool facing away and the acute edge facing 
down, i.e., when cutting (cf. Fig. 6.5: 1). Highlighted in dark gray is a 
typical cross section of a modern-day knife for right-handed users with 
an “edge” angle of ~30°. Removal of a Prądnick spall may improve the 
original “edge” angle from between 60° and 40° to 50° and 30°. 
(Graphic: Olaf Jöris)

Table 6.1 Spectrum of artifacts related to the production of asymmet-
ric Prądnick tools within the Buhlen (Bu-III) KMG assemblage, Hesse 
(Germany). Here, the term Prądnick is used for all artifacts related to 
the application of Prądnick sharpening spalls

n Prądnicks Figures
A Bifacial tools 182 168 Figs. 6.8 and 6.9: 1–2
B Prądnick 

scrapers
51 51 Figs. 6.9: 3–5 and 6.10

C Total (A+B) 219
D Sharpening 

spalls (i.e., 
Prądnick 
spalls)

1533 Figs. 6.11 and 6.12

E Bifacial 
shaping, 
thinning, and 
sharpening 
flakesa

4988

Data compiled from: Jöris (2001)
Index E/A: 27.4; Index D/C: 7.00
aFrom all stratigraphic units. Most flakes (n = 3812), however, derive 
from layers IIIb (n = 3317) + IIIc (n = 429) + IIId (n = 66) (Jöris 1997).

O. Jöris and N. Uomini
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the distinction of primary and secondary sharpening flakes 
(Fig. 6.11), the latter revealing the scars of the previously 
detached sharpening flakes. The preparation required for 
detaching a Prądnick spall was intended to optimize its 
length and necessitated a rectilinear working edge.

In some KMG assemblages, for example, at Ciemna cave 
in the southern Polish Jurassic limestone region 
(Chmielewski 1969, 1975) or Buhlen (Bu-III) in northern 
Hesse (Germany; Bosinski 1969a; Bosinski and Kulick 
1973), the Prądnick method is most characteristic, and 

Prądnick spalls were removed from morphologically differ-
ent Keilmesser shapes and from a variety of forms of side-
scrapers (Figs.  6.9: 3–5 and 6.10), which here are called 
Prądnick scrapers (Jöris 2001, 2004). It therefore appears 
that in these assemblages the removal of a sharpening flake 
was intended not merely to re-sharpen the cutting edge, but 
in fact to finish it (Jöris 1994, 2001). The intention appears 
to have been to create a tool with at least a bi-functional 
edge: razor-sharp at its distal end and slightly saw-edged 
toward its base.

Fig. 6.5 How to use a right-sided Keilmesser held in the right hand: (1)
Cutting: moving the Keilmesser along the length of its acute edge (held 
similar as when scraping, but with a low cutting angle and a large angle 
of relief; cf. Fig. 6.6) with the tip facing away and the flat lower surface 
of the tool held by the thumb. The index finger is pressing on the back 
of the tool giving track and pressure to the movement, while the other 
fingers (III to V) grasp beyond the back of the tool, holding its convex 
and more curved upper surface that displays the scar of the Prądnick 
spall (Photo: Lisa Schunk). (2) Scraping: moving the Keilmesser toward 
the user (held similar as when cutting, but with a lower angle of relief; 
cf. Fig. 6.6) and the flat lower surface of the tool held by the thumb and 
the index finger pressing on the back of the tool giving pressure to the 

movement, while the other fingers (III to V) grasp beyond the back of 
the tool, holding its convex and more curved upper surface that displays 
the scar of the Prądnick spall, which faces away from the user (Photo: 
Karen Ruebens). (3) Carving: pushing the Keilmesser from the user 
away (held differently as when cutting or scraping; cf. Fig. 6.6) with the 
more curved upper surface that displays the scar of the Prądnick spall 
facing up. The thumb is pressing on the back, giving pressure to the 
movement, while all other fingers grasp around the base of the tool (one 
would probably protect the hand with a piece of hide/cloth/etc.). Viewed 
from different perspectives and at different angles; Figs. 6.5: 2, 3: note 
the half-planoconvex section design of the tool. (Photos: Karen 
Ruebens)
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6.4.2  Reduction and Re-sharpening

Both technological analyses of the intersection of flake scars 
and refits have permitted reconstructions of many “extended 
Keilmesser biographies” or “artifact life histories,” which 
incorporate numerous stages and phases of re-sharpening 
and transformations of specific tool morphologies into dif-
ferent shapes (Jöris 1994, 2001, 2006; Pastoors 2001; 

Pastoors and Schäfer 1999; Richter 1997). The sequence of 
working stages appears to be highly standardized, as is best 
documented in the Bu-III assemblage (Jöris 2001; Figs. 6.13 
and 6.14). Longer tool biographies (e.g., Fig. 6.14) are the 
result of the principle strategy underlying the Keilmesser 
tool concept, which offers great potential for repeated reduc-
tion and re-use.

Fig. 6.6 Cross section of an idealized right-sided Keilmesser (cf. 
Fig. 6.4) shown at different angles when used for cutting, scraping, and 
carving (cf. Fig. 6.5). Cutting: moving the Keilmesser along the length 
of its acute edge (held similar as when scraping, but with a low cutting 
angle and a large angle of relief) with the tip facing away and the flat 
lower surface of the tool held by the thumb. The index finger is pressing 
on the back of the tool giving track and pressure to the movement, while 
the other fingers (III to V) grasp beyond the back of the tool, holding its 
convex and more curved upper surface that displays the scar of the 
Prądnick spall. Scraping: moving the Keilmesser toward the user (held 
similar as when cutting, but with a lower angle of relief) and the flat 
lower surface of the tool held by the thumb and the index finger press-

ing on the back of the tool giving pressure to the movement, while the 
other fingers (III to V) grasp beyond the back of the tool, holding its 
convex and more curved upper surface that displays the scar of the 
Prądnick spall, which faces away from the user. Carving: pushing the 
Keilmesser from the user away (held differently as when cutting or 
scraping) with the more curved upper surface that displays the scar of 
the Prądnick spall facing up. The thumb is pressing on the back, giving 
pressure to the movement, while all other fingers grasp around the base 
of the tool (one would probably protect the hand with a piece of hide/
cloth/etc.). Viewed from different perspectives and at different angles. 
This performance would not be possible when a left-handed person 
holds a right-sided Keilmesser! (Graphic: Olaf Jöris)

O. Jöris and N. Uomini
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With regard to the acute cutting edge, re-sharpening of 
the tools influenced both the width of the Keilmesser and 
especially their length (Fig. 6.15). To allow for repeated re- 
sharpening of the cutting edge, in particular the distal part 
of the Keilmesser was often thinned by blows from the tool 
back (Fig. 6.14), so that subsequent retouch of the cutting 

edge guaranteed more acute, i.e., sharper, cutting angles. 
When no further lateral re-sharpening of the cutting edge 
was possible, Keilmesser were transformed from one shape 
into another – entering a new cycle of usage – through (1) 
removal of the tip and (2) additional thinning from the back 
and distal end on the convex upper surface, before a new 

Fig. 6.7 Size-independent 
comparison of the shape 
variation in the perimeter of 
123 complete Keilmesser 
from Buhlen (Bu-III), Hesse 
(Germany), showing the 
relationship of their backs and 
bases, cutting edge and distal 
posterior part (Jöris 2001, 
reproduced with permission). 
The plot shows that distinct 
clusters of different 
morphological Keilmesser 
types, as shown in Fig. 6.2, do 
not exist. (Graphic: Olaf 
Jöris)
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phase of lateral re-sharpening of the cutting edge could be 
achieved (for details, see Jöris 2001). Given this, the 
smaller Keilmesser commonly display particularly long 
tool biographies (Fig. 6.14: orange and light orange shad-
ing), though size and shape are largely influenced or prede-
termined by the initial dimensions of the material selected. 
Analyses of the extensive Keilmesser assemblage Bu-III 
clearly illustrate these tool transformations and also dem-
onstrate two size classes of Keilmesser, ≥60  mm and 
<60 mm length (Jöris 2001, 2006; Fig. 6.15). Here, the tip 
has in some cases been struck off and the piece once again 
thinned at its distal end.

Despite the sequentially standardized phases of retouch, 
the modification of tools or the transformation of artifacts 
thus leads to the blurring of morphologically determined 
artifact groups (Keilmesser shapes; cf. Fig. 6.7).

In their overall conception, as shown by their method of 
production and usage, the Keilmesser represent extremely 
complex tool forms that were normally designed to be used 
in the long term and, almost certainly, multi-functionally (cf. 
Figs. 6.5 and 6.6).

6.4.3  Hand Preferences

Given their clear asymmetry as described above, both 
Keilmesser and Prądnick scrapers, as well as Prądnick spalls, 
contain clear information on lateralized use (Table 6.2). As 
defined above in Sect. 6.2, it is possible to distinguish 
between right-sided tools and sharpening spalls and left- 
sided ones (Jöris 1997; cf. Cornford 1986). Thanks to the 
characteristic features of spalls which indicate a right- or 

Fig. 6.8 Keilmesser (all right-sided) from Buhlen (Bu-III), Hesse (Germany). (Photos: Sabine Steidl, Römisch-Germanisches Zentralmuseum 
Mainz, Germany)

O. Jöris and N. Uomini
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left-side removal, the addition of spalls to the analysis greatly 
increases the information on lateralized tools available. 
Among the tools and the spalls, right-sided pieces clearly 
outnumber the left-sided ones (Table  6.2). The latter form 
only 13.83% of the asymmetric artifacts related to the pro-
duction of Prądnick tools.

6.5  Discussion and Conclusions

The archaeological record of handedness is both very poor 
and fragmentary (Cashmore et  al. 2008; Uomini 2009). In 
hominin evolution, the earliest solid evidence for a modern 
human pattern of hand preferences, namely, a species-wide 
bias toward right-handedness with a minority of left- handers, 
is found in Neanderthals (Uomini 2011; Faurie et al. 2016). 
However, these data are based on asymmetries in arm bones, 
brain endocasts, and teeth striations, which require specific 
conditions that are rarely met in archaeological sites. Current 
methods to determine handedness from lithic debitage are 
extremely unreliable (Ruck et  al. 2015). Given the Bu-III 
assemblage of asymmetric lithic tools, it is very likely that 

the differences between right-sided and left-sided artifacts 
are to be explained best as due to hand preferences. Based on 
the morphology of the artifacts, we argue that right-sided 
Keilmesser and Prądnick scrapers were produced and used 
by right-handed individuals. Following this line of interpre-
tation, a right-sided Keilmesser would be held in the right 
hand with the tip facing away and the flat lower surface of the 
tool – held by the thumb (Fig. 6.5: 1, 2) – facing toward the 
user, while the fingers grasp around the back of the tool, 
holding its convex and more curved upper surface that dis-
plays the scar of the Prądnick spall(s), facing away from the 
user. This grip makes it possible to use the tool in the most 
flexible way for tasks as cutting, scraping, or carving (cf. 
Fig.  6.6). It is identical to the grip of modern knives pro-
duced for right-handed persons (cf. Fig. 6.4). If one, how-
ever, would use the same tool in the left hand, this would 
imply that the thumb would have to hold the convex upper 
surface of the Keilmesser and that the fingers support the flat 
lower surface when the tip faces away. In this case, the tool 
could not be used as flexibly as in the right hand, since the 
human wrist – in this case – does not allow for an equal range 
of angles suitable for handling the tool. Especially tasks like 

Fig. 6.9 Keilmesser (1–2) 
and Prądnick scrapers (3–5) 
(3: left-sided; all others 
right-sided) from Buhlen 
(Bu-III), Hesse (Germany). 
(Photos: Sabine Steidl, 
Römisch-Germanisches 
Zentralmuseum Mainz, 
Germany. Scale 2:3)
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Fig. 6.10 Prądnick scrapers (3: left-sided; all others right-sided) from Buhlen (Bu-III), Hesse (Germany) (Jöris 2001, reproduced with permis-
sion). (Illustrations: Olaf Jöris)

Fig. 6.11 Sharpening spalls (i.e., Prądnick spalls: (1) primary; (2) sec-
ondary, displaying a scar from a preceding Prądnick spall; both right- 
sided) from Buhlen (Bu-III), Hesse (Germany) (Jöris 2001, reproduced 
with permission). (Illustrations: Olaf Jöris)

Fig. 6.12 Sharpening spalls (i.e., Prądnick spalls: (1–4) primary 
spalls; (5–6) secondary spalls; all right-sided) from Buhlen (Bu-III), 
Hesse (Germany). (Photos: Sabine Steidl, Römisch-Germanisches 
Zentralmuseum Mainz, Germany).
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carving (Fig. 6.5: 3c; cf. Fig. 6.6), when the tool is moved 
away from the body, would be difficult.

Given this interpretation, we can assume that right-sided 
Prądnick tools were made for individuals with hand prefer-
ences on the right hand, while left-sided tools were made 
for individuals with hand preferences on the left hand. This 
would further mean that Keilmesser were likely made by 
the intended users themselves and not by specialists in 
Keilmesser manufacture. A similar argument was made for 
the left- hander’s becs at the Mesolithic site of Meer, 

Belgium (Cahen and Keeley 1980). As experiments have 
shown, Keilmesser manufacture is a deliberate and com-
plex process which – due to the asymmetry of the tools – is 
far more difficult to reproduce when having different hand 
preferences. If this assumption is correct, we are forced to 
interpret these tools as personal items of individual 
Neanderthals that were produced by their users. Further 
evidence for this interpretation is, for example, given 
through a certain degree of variation among the Prądnick 
tools: a few Prądnick scrapers (n = 3) can be distinguished 

Fig. 6.13 Initial Keilmesser from Buhlen (Bu-III), Hesse (Germany). 
The longer the history of reduction, use, or modification of the tool, the 
more complex are the Harris diagrams in the right part of the chart that 
order the individual retouch sequences (shown in different color codes) 
from bottom to top. The diagrams permit judgment of the degree of 
standardization in tool production (for detailed explanation of the 

method, see Jöris 2001; cf. Roebroeks 1988). Circles indicate the 
removal of sharpening spalls and diamonds the necessary preparation 
of the striking platform. Hatched areas show initial shaping of the 
Keilmesser base preceding retouch (Jöris 2001, 2002, 2003, reproduced 
with permission). (Graphic: Olaf Jöris)
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from others by their “teardrop-formed” shapes (Fig. 6.9: 3). 
The three specimen are all left-sided ones, and two of them 
are made on the rare greenish silicified schist. Very likely 
these Prądnick scrapers represent individual traits within 
the assemblage.

At this point of the discussion – and compared with the 
Keilmesser – the interpretation of the Prądnick scrapers is 
crucial: The Prądnick scrapers closely resemble the 
Keilmesser in terms that they “mimic” their productional 
schemes very closely. However, they do not show compara-
bly long artifact life histories as the Keilmesser do, and they 
are not as carefully made, i.e., certain stages in the produc-
tional chain of retouch may have been skipped (Jöris 2001). 
Nor is the flat retouch equally invasive as is the case with the 
Keilmesser. As a result of this, and contrasting with the 
Keilmesser, Prądnick scrapers are mostly retouched semi- 
bifacially. But they are made of quite irregular flakes which – 
in concordance with the Keilmesser  – have asymmetric 
sections and/or display a natural or roughly worked back 
opposed to a single acute edge (Fig.  6.10). Although the 
blanks vary a lot in morphology and give an overall impres-
sion that “waste” material had been used, they are positively 
selected for criteria that characterize and define the 
Keilmesser. Furthermore, Prądnick scrapers are character-
ized by the application of the Prądnick method, i.e., they 

carry one or more scars of the typical Prądnick sharpening 
spalls. All in all, Prądnick scrapers look like small and 
“short-lived” versions of the Keilmesser.

These observations can be interpreted in two ways: (1) 
Prądnick scrapers resemble spontaneously, i.e., ad hoc and 
less carefully produced substitutes for Keilmesser, or (2) 
they are made by less experienced knappers, i.e., children 
who copy the adult and/or more experienced knappers. While 
the first interpretation stands in stark contrast to our overall 
understanding of the Keilmesser concept which includes the 
option of repeated re-sharpening and re-use as is evidenced 
in their long artifact life histories, the second interpretation 
merits consideration in some more detail.

If Prądnick tool asymmetry indeed reflects hand prefer-
ences, and if these tools are indeed made by their users, then 
they reflect Neanderthal handedness. Given the above inter-
pretation of how to hold and handle the Prądnick tools when 
using them (Fig. 6.5), the 13.83% of left-sided Prądnick arti-
facts (cf. Table 6.2) would have been made by left-handed 
individuals. Aside of the Prądnick spalls, this value is com-
posed of 6.96% left-sided Prądnick bifaces and 10.87% left- 
sided Prądnick scrapers. If we assume that  – on 
average – single left-handed individuals would not have pro-
duced significantly more artifacts than the right-handers, the 
far higher percentage of right-handed Prądnick bifaces than 

Fig. 6.14 Strongly reduced 
Keilmesser from Buhlen 
(Bu-III), Hesse (Germany). 
For details, see Fig. 6.13 
(Jöris 2001, 2002, 2003, 
reproduced with permission). 
(Graphic: Olaf Jöris)
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scrapers, although statistically not significant to the Chi- 
square test, is astonishing. Indeed, we would expect an equal 
proportion of all tool types among the left-sided artifacts.

A possible explanation for this discrepancy could be that 
children started to imitate tool production behaviour of 

adults probably before age 9, as we know from modern 
children in traditional societies (MacDonald 2007; Rogoff 
et al. 2007; Hewlett and Roulette 2016; Garfield et al. 2016) 
and as is argued for extinct hominins in the specific use of 
teeth as tools, even by young individuals (Lozano et  al. 

Fig. 6.15 Reduction 
sequence of Keilmesser at the 
site of Buhlen (Bu-III), Hesse 
(Germany). A group of larger 
Keilmesser can clearly be 
separated metrically from the 
smaller ones. Adding the 
length of the removed 
Keilmesser tips to the mean 
length of the smaller 
Keilmesser (small diagram 
with gray scales) permits the 
reconstruction of additional 
large specimens (Jöris 2001, 
2003, 2006, reproduced with 
permission). Scale in cm. 
(Graphic: Olaf Jöris)
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2008; Bruner and Lozano 2014). Thus, children engaged in 
tool skills at an early age before their hand preferences 
were fully established (McManus et al. 1988; Michel et al. 
2013). Their tool production may have been restricted to 
the recycling of waste material which they selected as 
blanks for the production of Prądnick scrapers, which are 
easier to produce than the far more complexly worked 
Keilmesser. Following Cashmore et al. (2008) and Uomini 
(2009, 2014), handedness does not only relate to the power 
and precision demanded and applied in certain tasks, but 
also to the complexity of tool manufacture and use. Through 
the advice of more experienced, likely older individuals 
through their lifetime they may have become more and 
more conditioned as right- handers, as discussed by Bryden 
et al. (1993) among Amazonian natives. The cross-cultural 
data on teaching in a wide range of societies show that 
humans use a full spectrum of social learning and teaching 
strategies (Mejía-Arauz et  al. 2005; Hewlett et  al. 2011) 
and would imply that Neanderthal children learned the 
manufacture of Keilmesser partly through being taught, 
rather than solely by copying of the manufacturing process 
by themselves through observational learning. A final argu-
ment in this context addresses the smallest Keilmesser: 
Since Keilmesser can arguably be interpreted as high-preci-
sion tools that are designed in the most optimal way for the 
perfect grip of the user, it is difficult to explain the “minia-
ture” specimens less than 4.5 cm in length (e.g., Fig. 6.9: 
2). Such miniature specimens would be hard to hold in the 
hand for an adult individual, but they often display the lon-
gest life histories (Jöris 2001). Against this background it 
may be argued that adults may have occasionally passed 
their Keilmesser to children once they became too small 
due to reduction. After a final stage of removal of the tip 
and re-sharpening they may have been passed from an adult 
to a child. In this scenario the child’s handedness would 
have been influenced by the handedness of the adult. If 
right- handed adults were over-represented among the 
“teachers,” such processes could partially explain the dif-

ferences in the percentages of left-sided Keilmesser and 
left-sided Prądnick scrapers.

One potential problem in this interpretation is the com-
parably high percentage of left-sided Prądnick spalls 
(14.51%; cf. Table 6.2). If children needed a lot of practice 
to become skilled Keilmesser producers, this would involve 
a lot of training and the production of many Prądnick 
scrapers before they manage to successfully produce 
Keilmesser that satisfy their needs. Given this, one would 
have to assume that Prądnick scrapers would outnumber 
the amount of Keilmesser, unless far fewer children than 
experienced knappers were present at the site. In the latter 
case, however, we would have to assume a higher percent-
age of right-sided Prądnick spalls, unless one assumes that 
a few left-handed adults or experienced knappers would 
have produced significantly more Prądnick spalls than the 
right-handed ones. While right-sided spalls (n = 1419) are 
about 7.6 times more frequent than right-sided Prądnick 
tools (n = 186), left-sided spalls (n = 242) outnumber left-
sided Prądnick tools (n = 16) 15.1 times (Table 6.2)! But 
Prądnick scrapers with their far shorter artifact life histo-
ries rarely display more than a single scar of a Prądnick 
spall. This is in stark contrast to the Keilmesser that may 
display several scars of Prądnick spalls, which is further 
supported by the fact that – in several cases – sharpening 
spalls have been applied sequentially as documented 
through both refits and flake-scar analyses (Jöris 2001). 
Given this, one would have to assume that proportionally 
more left-sided Keilmesser were transported away from the 
site while comparably more right-sided tools remained at 
the place. The reason for transporting proportionally more 
left-sided tools could be related to the rarity of left-hand-
ers, who produced fewer left-sided tools, resulting in the 
need to keep track of those specialized tools. This implies a 
certain degree of self-awareness. In addition, the existence 
of left- sided tools further suggests that Neanderthals were 
conscious about their hand preferences. Being highly 
skilled lithic artist, they certainly had a high level of crafts-
manship which was attained through years of practice with 
stable hand preference.

To summarize, the Buhlen-III evidence of asymmetric 
tools probably represents the best archaeological evidence 
for early hominin handedness. While the observed differ-
ences in the frequencies of left- and right-sided tools and 
sharpening spalls apparently do relate to individual variation 
of Neanderthal tools and hand preferences, they also open 
some intriguing insights into Neanderthal learning 
behaviour.
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Table 6.2 Lateralization of asymmetric Prądnick tools and spalls 
within the Buhlen (Bu-III) KMG assemblage, Hesse (Germany). Here, 
the term Prądnick is used for all artifacts related to the application of 
Prądnick sharpening spalls

Prądnick- 
bifaces

Prądnick- 
scrapers

Prądnick- 
sum

Prądnick- 
spalls

Prądnick 
total

Right- 
sided

147 39 186 1419 1605
93.04% 84.78% 91.18% 85.43% 86.06%

Both- 
sided

2 2 2
4.35% 0.98% 0.11%

Left- 
sided

11 5 16 242 258
6.96% 10.87% 7.84% 14.51% 13.83%

Total 158 46 204 1661 1865
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