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ABSTRACT
Type II lunate has been associated with a lower incidence of dorsal intercalated segment instability (DISI)
in the case of scapholunate dissociation. We aimed to evaluate the frequency of different lunate types
and their influence on the prevalence and severity of scapholunate ligament (SLIL) injuries and the devel-
opment of DISI. The surgical records of 414 arthroscopies were reviewed retrospectively. Lunate types
were diagnosed based on radiograms and MRI examinations. The Type II lunate had a facet between
hamate and lunate; in the Type I lunate, this facet is lacking. We additionally included the assessment of
the capitate–triquetrum distance (CTD), which defines Type I, Intermediate, and Type II lunates. We
adopted the DISI when the scapholunate angle was more than 80� and/or the radiolunate angle less
than �15�. Fisher’s exact test was applied to compare the distribution frequency of SLIL lesions and DISI
deformity of patients with different lunate types. To quantify the inter- and the intra-rater reliability of
lunate type assessment Cohen’s kappa was calculated and, for CTD measurements, a Bland–Altman plot
was created. Up to 77.1% patients had Type II lunates. Regarding MRI and CTD classification in patients
with Type I lunates, Grade 4 SLIL injuries were more common than in those with Intermediate and Type
II (p< 0.05). In the case of Grade 4 SLIL lesions, DISI was more common in patients with Type I lunates
(p< 0.05). There were, however, only 25 patients with Type I lunates, and Grade 4 SLIL lesions according
to MRI, and 6 according to CTD measurement.
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Introduction

Many authors have evaluated osseous morphology of the human
wrist, especially the lunate morphology, and its influence on the
development of carpal disorders. According to Viegas et al., the
lunate is classified into two types [1–3]. The Type I lunate has a
single midcarpal articulation with the capitate, whereas the Type
II lunate has two midcarpal articular facets, one for the articula-
tion with capitate and an additional one for the lunatohamate
articulation. The prevalence of Type II lunates varies widely and
ranges between 27% and 73%, depending on the classification
methods used and the investigated population [1–9]. Both the
lunate types represent normal anatomy, which can, however,
influence the development of many wrist disorders.

The Type II lunate is associated with cartilage erosion at the
proximal pole of the hamate and midcarpal arthritis [1–5]. On the
other hand, the Type II lunate seems to have some protective
effect on the development and progress of the Kienb€ock’s disease
[10,11]. The lunate’s importance to the wrist’s function is shown
by manifestations of carpal instability due to scapholunate dissoci-
ation or scaphoid non-unions. In this case, the lunate’s position
within the wrist can change because of the lack of stable liga-
mentous connections between the lunate and the scaphoid or
due to a lack of stability of the proximal scaphoid’s pole, which
enables the lunate to extend via the taut lunotriquetral ligament.
As a consequence, dorsal intercalated segment instability (DISI)

develops. The extension of the lunate within the proximal carpal
row is associated with a tendency of the scaphoid to flex [12].
This can markedly change the anatomical relations of the wrist
and, consequently, lead to osteoarthritis and a reduction in
wrist function.

The development of wrist osteoarthritis due to an insufficient
scapholunate ligament (SLIL), first described by Watson and Ballet
(1984) and named SLAC-Wrist (scapholunate advanced collapse),
is the most common form of posttraumatic wrist degeneration
[13]. The first and crucial condition for the progression of any
articular degeneration in this sequence is a sign of SLIL ligament
incompetence. The second is the development of carpal misalign-
ment, which depends on the interaction between bony and liga-
mentous structures as well as on the adequacy of the secondary
wrist stabilizers [14,15]. Previous studies had revealed that the
incidence of DISI was much lower in case of scaphoid non-unions
[16] and scapholunate dissociation (SLD) [17] in patients with
Type II lunates. Nevertheless, the influence of the lunate type on
the incidence and severity of SLIL lesions has not been widely
investigated.

The aim of our study was to analyze whether lunate morph-
ology influences the prevalence and severity of SLIL disruptions
and the development of carpal misalignment. The results should
help extend the knowledge of the complex anatomical interac-
tions of the wrist.
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Materials and methods

Patients

All patients with persistent wrist pain and suspected SLIL injury,
who underwent a wrist arthroscopy between January 2011 and
December 2017 were included in the study. Patients under
18 years of age and cases of scaphoid fractures or nonunions as
well as perilunate and radiocarpal luxation injuries were excluded
from the study. Patients after wrist osteosynthesis, partial fusions,
and with a history of inflammatory arthritis were also not
included. Initially, 585 patients met the inclusion criteria; however,
171 of them had to be excluded due to incomplete records. An
Institutional Review Board’s approval (No. 513/2018BO2) of the
Eberhard-Karl University in Tuebingen was granted for the study.

Arthroscopy

Arthroscopies were performed with a 2.7-mm diameter arthro-
scope with 30� lens angles under traction of 4.5 kg. We used
standardized 3/4 and 6R portals for radio- and ulnocarpal arthros-
copy and MCR/MCU portals for midcarpal diagnostic. The four-
stage Geissler classification was used for the arthroscopic assess-
ment of SLIL (Table 1) [18,19]. The arthroscopies were performed
by three experienced board-certified hand surgeons of
our department.

Radiological diagnostic

In all the 414 patients, who underwent arthroscopy, we addition-
ally analyzed the corresponding 414 conventional anteroposterior
and lateral X-ray views of the affected hand. Further, the available
201 anteroposterior and lateral views of the corresponding
healthy hand were examined. The X-ray series were assessed by
two reviewers who were blinded to the arthroscopy results. The
first reviewer was a surgical resident in the third year of a resi-
dency program; the second was a senior consultant of the
Department of Hand Surgery. The technical aspects of the radio-
logical measurements were discussed with a senior physician of
the Department of Radiology.

The radiological determination of lunate morphology was first
evaluated by simply assessing the presence of a lunatohamate
joint on anteroposterior X-ray views. The Type II lunate was diag-
nosed when it had a visible facet for the hamate, while the Type I
lunate was diagnosed when this facet was clearly lacking (Figure
1). In addition, we included the classification of the lunate types,
as proposed by Galley et al. [20]. This classification, based on the
assessment of the shortest distance between capitate and trique-
trum – the capitate–triquetrum distance (CTD) – which defines
the three lunate subtypes: Type I lunates with the CTD � 2mm;
Type II lunates with the CTD � 4mm; and an intermediate type
with the values in between (Figure 2). The CTD measurements
between two manually selected points were obtained with the
help of a distance measuring tool of the IMPAX System.

Moreover, in 301 out of 414 patients, a magnetic resonance
imaging (MRI) of the affected wrist was performed prior to the
arthroscopy. In this group, we also determined the lunate type,
based on the magnetic resonance imaging (fat-suppressed T2 and
PD-weighted images) by simply assessing the presence and shape
of the lunatohamate joint on the coronal slices (Figure 3) [21].
We, additionally, measured the maximal width of the lunatohamte
joint on the coronal MRI slices.

On lateral X-ray views of the wrist, the scapholunate (SL) and
radiolunate (RL) angles were measured based on the method pro-
posed by Larsen [22]. The axes of carpal bones were determined
as follows: for radius, as a line through the center of the medulla
at 2 cm and 5 cm proximal to the radiocarpal joint; for lunate, as
the line perpendicular to the tangent of the two distal poles; for
scaphoid, as the tangent of the palmar proximal and distal con-
vexities; and for capitates, as the tangent of the dorsal margin of

Table 1. Geissler arthroscopic classification of carpal instability in case of sca-
pholunate ligament injuries.

Grade of Geissler
classification Description

1 Attenuation/hemorrhage of interosseous ligament as seen
from the radiocarpal joint. No incongruency of carpal
alignment in the midcarpal space

2 Attenuation/hemorrhage of interosseous ligament as seen
from the radiocarpal joint. Incongruency/step-off as seen
from midcarpal space. A slight gap (less than width of a
probe) between carpals may be present

3 Incongruency/step-off of carpal alignment is seen in both the
radiocarpal and midcarpal spaces. The probe may be
passed through the gap between carpals

4 Incongruency/step-off of carpal alignment is seen in both the
radiocarpal and midcarpal spaces. Gross instability with
manipulation is noted. A 2.7-mm arthroscope may be
passed through the gap between carpals

Figure 1. Anteroposterior X-ray views of the injured wrists with minor SLIL injuries (A: Grade 1, B: Grade 2 according to the arthroscopic Geissler classification), show-
ing different lunate morphologies: (A) Type I lunate marked with a white dashed line with an arrowhead; (B) Type II lunate marked with a white arrow.
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the diaphysis of the third metacarpal bone. The exact carpal
angles determination was performed with the use of an angle
measurement tool between two lines (carpal axes) in the IMPAX
System. To describe the dorsal intercalated segment instability,
we applied the terminology as defined by the International Wrist
Investigators’ Workshop (IWIW) in 2002. In case of carpal instabil-
ity dissociative (CID) DISI, the combined dorsal tilting of the
lunate and ventral tilting of the scaphoid result in a scapholunate
angle of 80� was consistent with DISI configurations. With some
limitations, we supposed a DISI configuration, when the SL angle
measured more than 80� and/or the RL angle less than �15�. To
differentiate between a typical DISI with a pathological SL-angle
and an isolated rotatory subluxation of the scaphoid, lateral views
in flexion/extension and ulnar deviation are needed to identify
the abnormal motion of the lunate [23]. In our daily routine, these
views are normally not performed and, hence, it could not be
included in our retrospective study.

To assess the inter-reviewer reliability in the assessment of
lunate morphology, 200 randomly chosen plain X-ray views and
200 MRIs, each, have been analyzed parallelly to the initial ana-
lysis by the second reviewer. To assess the intra-reviewer reliabil-
ity in the radiological assessment of lunate types, 112–148 days

after the initial analysis, both the reviewers repeated their radio-
logical analysis on the 200 plain X-ray views and MRIs, which
were first randomly chosen for the analysis of inter-reviewer
reliability.

Statistical analysis

To compare the distribution of the metric variables of independ-
ent groups, the Shapiro–Wilk test was performed primarily to ver-
ify if the determined data in both groups were normally
distributed. In the absence of a normal distribution, the
Mann–Whitney U test was used to estimate the correlation
between the width of the lunatohamate joint and carpal angles,
and SLIL lesions, according to Geissler classification. Fisher’s exact
test was applied to compare the distribution frequency of the cat-
egorical variables such as DISI deformity or grades of SLIL lesions
of independent groups of patients with different lunate types
(including comparison between two and three groups). To quan-
tify the inter-reviewer reliability of X-ray views and MRIs in the
assessment of lunate types, Cohen’s kappa was calculated (includ-
ing a 95% confidence interval). A Bland-Altman plot was created
to assess the inter-rater agreement of CTD measurements.

Figure 2. The anteroposterior X-ray views of the wrist demonstrating the technique of the measurement of the shortest distance between capitate and triquetrum
(CTD) and the subtypes of lunate based on Galley’s Classification. The CTD measurement was marked with a white line on each figure. Type I lunate with CTD
<2mm (A); Intermediate lunate type with CTD measuring 3.3mm (B); Type II lunate with CTD measuring 9.6mm (C).

Figure 3. MRI scans (proton density fat suppressed weighted sequences) of the wrist showing different lunate morphologies: (A) Type I lunate marked with a white
dashed circle; (B) Type II lunate marked analogously with a white dashed circle.
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Statistical assessment of an intra-rater reliability was performed
analogically to the inter-reviewer variability. All tests were calcu-
lated for two sides, and a statistical difference between the two
groups was defined with a significance level of p< 0.05.

Results

In summary, we retrospectively analyzed the surgical records con-
sisting of preoperative X-ray series and arthroscopies of 414
patients, of whom 302 were men and 112 women aged between
18 and 81 years (average 48 years, SD 12.65). The most common

wrist pathologies diagnosed in the studied population are pre-
sented in Table 2. Of the 414 patients, 119 (28.7%) could not
recall an index injury of the wrist. Two hundred and ninety-five of
them identified a potential wrist trauma from 1day to maximal
11 years prior to arthroscopy.

The results of the radiological assessment of lunate types are
shown in Table 3. The mean CTD reached 4.47mm (SD: 1.75mm)
for reviewer 1 and 4.46mm (SD: 1.78mm) for reviewer 2, respect-
ively. In 7 patients, the assessment of lunate morphology on the
plain X-ray views and the CTD measurement in 12 of the 414
patients were not possible because of an inadequate picture reso-
lution. As the MRI scans of the wrist of these patients were avail-
able, we decided not to exclude them from the study.

We saw a substantial inter-reviewer agreement in the assess-
ment of lunate types based on X-ray views (j¼ 0.70 [95% CI,
0.644; 0.762]) and, further, an excellent inter-observer reliability
(j¼ 0.827 [95% CI, 0.754; 0.900]) in the case of MRIs. Based on
the Bland–Altman plot regarding CTD measurements, the limits of
95% confidence interval reached 0.785mm and 0.798mm in the
case of inter-rater reliability and further 0.124mm and 0.132mm
for the intra-rater variability for reviewer 1 and 0.041mm and
0.044mm for reviewer 2, respectively (Figures 4–6).

We further observed an excellent intra-rater agreement in the
assessment of lunate morphology based on X-ray views (for
reviewer 1: j¼ 0.846, 95% CI [0.789; 0.903], for reviewer 2:
j¼ 0.917, 95% CI [0.874; 0.959]) and also an excellent intra-rater
reliability in case of MRI (for reviewer 1: j¼ 0.888, 95% CI [0.826;
0.950], for reviewer 2: 0.917, 95% CI [0.964; 0.970]).

In the arthroscopy, 176 SLIL tear cases (42.5%) were identified.
Of these, the most common was Grade 4 (111 patients), according
to Geissler�s classification. In detail, Grade 1 injury occurred in 11
patients, Grade 2 in 24 patients, and Grade 3 in 29 patients. In
one case of SLIL disruption, the Geissler grade was not directly
mentioned by a surgeon. The description of the SLIL with a small
hemorrhage without incongruence, step-off or gaps allowed us,
however, to classify this case as Grade 1 SLIL injury.

Regarding patients with Type I lunates according to Galley’s
classification, 46.2% (6) revealed arthroscopically Grade 4 SLIL
lesions. For patients with intermediate lunates, it was 27.6% (47),
while it was 25.5% (55) in patients with Type II lunates (Table 4).
Assessing MRI examinations, 36.2% (25) of patients with Type I
lunates and 21% (48) of patients with Type II lunates revealed a
complete Grade 4 SLIL rupture (Table 5). Further, we observed
that SLIL ruptures were generally not more common in patients
with particular types of lunate. Nevertheless, the distribution of
Grade 4 SLIL disruptions varied, depending on the lunate morph-
ology. In patients with Galley Type I lunates and Type I lunate in
MRI, Grade 4 SLIL injuries were more common than in patients

Table 2. The most common pathologies diagnosed in the performed arthros-
copies of the wrist of 414 patients. The table include additionally the diagnosis
of radius fractures, which were made with the radiological diagnostic.

Wrist pathologies diagnosed in the studied population (414 patients)

SLIL injury
Grade of Geissler Classification Number of cases
1 Grade 12
2 Grade 24
3 Grade 29
4 Grade 111

TFCC injury
Grade of Palmer Classification
1A 43
1B 23
1C 4
1D 25
2A 28
2B 9
2C 27
2D 2
2E 2
1A, 1B 2
1B, 1D 5
1B, 2D 1
1A, 1D 1
1B, 1C 1

Radius fractures
Extraarticular 8
Intraarticular 13

LTIL injury
Grade of Geissler Classification
1 Grade 3
2 Grade 14
3 Grade 3
4 Grade 9

Radiocarpal arthrosis
Maximal Grade of Outerbridge Classification in the radiocarpal articulation
0 171
1 33
2 39
3 80
4 91

Table 3. Results of the radiological assessment of lunate types according to three methods of classification: assessment of the presence
of the lunatohamate articulation on plain X-ray views and in wrist MRIs, and measuring the CTD on plain X-ray views.

Radiological Classification of lunate morphology Number of patients %�
Plain X-ray views (assessment of the presence of the lunatohamate articulation)
Data not obtained 7
Type I 132 32.4
Type II 275 67.6

Galley’s classification of capitate-triquetrum distance (CTD) on plain X-ray views
Data not obtained 12
�2mm 13 3.2
2.2–3.9mm 171 42.5
�4mm 218 54.2

Wrist MRI (assessment of the presence of the lunatohamate articulation)
Data not obtained 113
Type I 69 22.9
Type II 232 77.1
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Figure 4. Bland–Altman plot regarding CTD measurements of two independent reviewers with mean difference of measurements (mm) and upper as well as lower
limit of 95% CI (mm).

Figure 5. Bland–Altman plot regarding CTD measurements of the first reviewer – resident in plastic and hand surgery with mean difference of measurements (mm)
and upper as well as lower limits of 95%-confidence interval (mm).
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with intermediate and Type II lunates (p¼ 0.017 and p¼ 0.04,
respectively). Although a strong and statistical relevant correlation
was observed, the analysis was performed on a limited number of
cases with lunate type I and Grade 4 SLIL lesions (25 with MRI
and 6 with CTD measurement).

The analysis of the correlation between a lunate morphology
and DISI was performed in a subgroup of patients with Grade 4
SLIL lesions. In patients with Grade 4 SLIL lesions, we could not
establish a correlation between a lunate morphology and patho-
logical radiolunate (<�15�) and scapholunate (>60�) angles.
However, an SL angle greater than 80 degrees and consistent
with DISI was found in 44.2% (19) patients with Type I lunates
based on plain X-ray examinations and only in 19.7% (13) of
patients with Type II lunates (p¼ 0.009) (Table 6). According to
Galley’s classification, 83.3% (5) patients with Type I lunates,
36.2% (17) patients with intermediate type lunates, and only

18.5% (10) of patients with Type II lunates showed an SL angle of
more than 80� (p¼ 0.002) (Table 7). By assessing the lunate
morphology in the MRI, we obtained nearly similar values as
those of the Galley’s classification: a DISI was found in 76% (19) of
patients with Type I lunate and only in 19.1% (9) of patients with
lunate Type II (p¼ 0.001) (Table 6).

The mean width of the lunatohamte joint assessed in MRI was
2.41mm, min 0.8mm, and max 7.9mm, SD 1.23mm. The width of
lunatohamate joint in case of Type II lunates did not correlate
with the carpal angles or the severity of SLIL lesions (p> 0.05).

Discussion

The first classification of lunate types was first introduced by
Viegas et al. based on a direct dissection of cadaver wrists [1–3].
Lunates with a separate medial facet on its distal surface for the
hamate were described as their most common morphology,

Figure 6. Bland–Altman plots regarding CTD measurements of the second reviewer – senior consultant in the plastic and hand surgery with mean difference of meas-
urements (mm) and upper as well as lower limits of 95% CI (mm).

Table 4. Frequency and severity of SLIL lesions, assessed arthroscopically with
grades of Geissler classification in three groups of patients with different lunate
types, based on Galley’s classification of capitate–triquetrum distance (CTD)
assessed on the anteroposterior X-ray views.

Grade of

Type I
n¼ 13

Intermediate
n¼ 171

Type II
n¼ 218

Geissler Classification N %� N %� N %� p-value��
0 5 38.5 97 57.1 124 57.4 0.017
1 10 5.9 2 0.9
2 10 5.9 14 6.5
3 2 15.4 6 3.5 21 9.7
4 6 46.2 47 27.6 55 25.5
�The percentages relate to the proportion of the category of the row variable
within the lunate types (column sum per variable ¼ 100%).��Fisher’s exact test.

Table 5. Frequency and severity of SLIL lesions, assessed arthroscopically with
grades of Geissler classification in two groups of patients with different lunate
types, based on the assessment of the presence or absence of the lunatoha-
mate articulation in MRI.

Grade of

Type I
n¼ 69

Type II
n¼ 232

Geissler Classification N %� N %� p-value��
0 37 53.6 140 61.1 0.04
1 2 2.9 7 3.1
2 2 2.9 11 4.8
3 3 4.3 23 10.0
4 25 36.2 48 21.0
�The percentages relate to the proportion of the category of the row variable
within the lunate types (column sum per variable ¼ 100%).��Fisher’s exact test.
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identified in 73% of wrists and classified as Type II lunate. Lunates
without lunatohamate articulation have been classified as Type I.
Viegas et al. stated that the lunate morphology in cadaver wrists
could have been correctly identified by radiograph, although the
arthrosis of the lunatohamate joint was first evident through dir-
ect dissection [1]. Sagerman et al. observed the accuracy of pre-
dicting lunate morphology based on X-ray film to be between
64% and 72% [24]. Nakamura et al. showed that the CTD meas-
urement on plain X-ray views correlated with width of the lunato-
hamate joint [25]. Galley et al. proposed, depending on the CTD
measurements, an additional differentiation of an intermediate
lunate type, which was further applied in the studies of carpal
kinematics depending on the lunate morphology [20,25,26].
McLean et al. compared the results of multimodal radiological
diagnosis to the dissection and showed that MRI provided the
best method of differentiating between lunate types since it was
possible to identify the small cartilaginous ulnar facets [21].
McLean et al. discussed that the lunate morphology should be
seen as a spectrum with Type I at one end and Type II at the
other with an intermediate type (lunates with small cartilaginous
facet) lying in between [21] There is, however, much inconsistency
in the literature as some authors included this intermediate type
[6,8] in Type I and some in Type II group [1–5,16,24]. We believe
that the various classifications of lunate morphology complement
one another. As an assessment of the presence of the lunatoha-
mate joint on anteroposterior X-ray views differentiates between
lunate types based on a bony anatomy, the assessment with MRI
enables classification of lunates based on the presence of

cartilaginous facets. The last classification with CTD measurement
helps to place our results in the context of studies on the wrist
kinematics and differentiates between three groups: undoubtedly
Types I and II – with a pronounced facet for the hamate -, and a
big group of intermediate type lunates which cannot be undoubt-
edly classified as either Type I or II. In this group of patients with
intermediate lunates in our study (171), 128 also received MRI
which showed in 54 patients (42%) lunate I and in 74 (58%) cases
lunate II morphology (with a small facet for the hamate).

Regarding X-ray, MRI, and CTD examinations for lunate morph-
ology in our study, most of the analyzed patients had Type II
lunate. The prevalence of the Type II lunate assessed in MRI was
in our group up to 77% and on plain X-rays 67.6%. This seems to
be in accordance with other anatomical, arthroscopic, and MRI
examinations that reported a prevalence of Type II lunate
between 46.4% and 73% [1–7,21,24,27]. Considering the CTD, we
found clearly lesser Type I lunates (18% versus 3.2%) compared to
the original study by Galley et al. [20]. This could be due to the
reason that patients with SLIL lesions may develop an ulnar shift
of lunate and triquetrum in relation to scaphoid – this could
cause a relevant elongation of the CTD and could possibly lead to
a wrong classification as Type II lunates. Another explanation for
our different results is that Galley et al. examined only healthy
individuals. As opposed to these explanations, we calculated a
substantial inter-reviewer and an excellent intra-reviewer agree-
ment in the assessment of lunate morphology based on CTD
measurements, therefore, did not reject this classification.

Analyzing Grade 4 SLIL lesions according to Geissler�s classifica-
tion, we revealed in MRI analyses that patients with Type I lunates
had significantly more Grade 4 SLIL lesions (25 (36.2%) patients
with Type I lunates versus 48 (21%) patients with lunate type II).
The MRI findings were in line with our performed CTD examina-
tions. Here, we found similar results, in which Grade 4 SLIL lesions
were more common in patients with Type I lunates (in 6 (46.2%)
patients with Type I versus 47 (27.6%) with intermediate and 55
(25.5%) with Type II lunate). We could not find in the literature
any data on the severity of SLIL lesions with respect to the type
of lunate. It is certain, however, that the kinematics of the wrist
varies, depending on the lunate morphology. Since the typical
cause of an SLIL rupture is a fall on the extended wrist – fre-
quently associated with high-energy trauma – the differences in
the kinematics of the wrist should be considered under these
conditions. Bain et al. [28] described the following differences of
carpal kinematics in plane motion with wrist flexion (15�) and
extension (15�). Regardless of the type of lunate, the dominant
joint in the radial and ulnar column is the radiocarpal articulation.
In the central column, however, the kinematics depends strongly
on the morphology of the lunate; in wrists with Type I lunate, the
dominant joint in the central column is the midcarpal articulation,
whereas the radiolunate joint is the dominant articulation in
patients with the Type II lunate [28]. Bain et al. [28] observed fur-
ther, that in patients with Type I lunates during extension, only
the scaphotrapeziotrapezoidal joint remains restricted, while the
whole midcarpal articulation in patients with Type II lunate is
restricted. In the studies by Nakamura et al. [26] and Galley et al.
[20], the effect of lunate morphology on lunate and scaphoid
kinematics in radial and ulnar deviation has also been described.

Moreover, in an arthroscopic analysis of patients with lunato-
hamate osteoarthritis, Harley at al. revealed a correlation between
Type II lunates and lunotriquetral ligament (LTIL) injury [29]. Abe
et al. analyzed the differences in the four-corner-kinematics
of Type I and Type II wrists; they stated that an increased lunotri-
quetral shearing motion in wrists with Type II lunates during

Table 6. Frequency of SL-angle >80� in case of Grade 4 SLIL injury depending
on lunate morphology, classified as lunate II in case of a presence of the lunato-
hamate articulation or as lunate I when this articulation is lacking on anteropos-
terior X-ray views and further based on the assessment of wrist MRI.

Lunate morphology (based on assessment of the
lunatohamate articulation on X-ray views)

Type I
n¼ 43

Type II
n¼ 67

SL-Angle N %� N %� p-value��
�80� 24 55.8 53 80.3 0.009
>80� 19 44.2 13 19.7

Lunate morphology (MRI)

Type I
n¼ 25

Type II
n¼ 48

SL-angle N %� N %� p-value��
�80� 6 24.0 38 80.9 0.001
>80� 19 76.0 9 19.1
�The percentages relate to the proportion of the category of the row variable
within the lunate types (column sum per variable ¼ 100%).��Fisher’s exact test.

Table 7. Frequency of SL-angle >80� in case of Grade 4 SLIL injury in three
groups of patients with different lunate types, based on Galley’s classification of
capitate–triquetrum distance (CTD) assessed on the anteroposterior X-ray views.

Type I
n¼ 6

Intermediate
n¼ 47

Type II
n¼ 55

SL-angle N %�� N %� N %� p-value��
�80� 1 16.7 30 63.8 44 81.5 0.002
>80� 5 83.3 17 36.2 10 18.5
�The percentages relate to the proportion of the category of the row variable
within the lunate types (column sum per variable ¼ 100%).��Fisher’s exact test.

JOURNAL OF PLASTIC SURGERY AND HAND SURGERY 157



radial-ulnar deviation may cause LTIL tears [30]. Perhaps all these
differences in the carpal kinematics may also influence the mech-
anism of the SLIL rupture and its severity could also depend on
the type of lunate.

The important influence of lunate type on carpal misalignment
was first observed by Haase et al. [16,31] in a group of patients
with scaphoid non-unions and by Rhee et al. [17] in a group of
patients with complete SLIL lesions. According to these authors,
DISI occurs less frequently in patients with Type II lunate. In these
studies, however, another definition of DISI as an RL angle of
more than 15� was applied in contrast to our analysis. The inci-
dence of DISI was also generally higher in our study, which could
lead to some differences between the results. We are aware of
the multiple definitions of DISI and the need to describe the car-
pal misalignment based on the measurements of many carpal
angles for each patient. In the special case of CID–DISI due to
SLD, the instability of the wrist results from the scaphoid’s ten-
dency to flex and further the lunate’s tendency to extend [12].
The pathological SL angle can also differentiate CID–DISI from car-
pal instability no dissociative (CIND)–DISI. In CIND–DISI, there is a
dysfunction of ligaments at midcarpal and radiocarpal levels –
this causes the instability of the whole proximal row as a unit
[23,32,33]. In CIND–DISI, there is, by definition, no significant sca-
pholunate or lunotriquetral ligament abnormality and the SL
angle remains normal, whereas RL and CL angles are pathological.
Therefore, we believe, that the SL-angle >80� is consistent with
DISI configuration in the special case of SLD [23].

Regardless of the method or radiological technique of diagnos-
ing lunate morphology in our analyzed group, patients with Type
I lunates (43 cases based on X-ray views assessment, 25 based on
MRI, 6 cases according to CTD measurement, out of the study
population of 414) more often showed a DISI configuration in
case of complete Grade 4 SLIL lesions than patients with Type II
and intermediate lunates. One explanation for this is that the add-
itional midcarpal articulation of the lunate with the hamate can
mechanically limit the lunate’s tendency to extend in case of
complete SLIL rupture. The described common osteoarthritis of
the lunatohamate joint [1–5,29] must result from the relevant
mechanical load of this articulation. The lunatohamate impaction
was also demonstrated in kinematic studies during extensive
ulnar deviation [26,30]. Further, Nakamura et al. [26] revealed that
extension of Type II lunate follows later during an ulnar deviation
than in Type I lunates. In our analysis, the size of the lunatoha-
mate joint in case of Type II lunates seemed not to have an influ-
ence on the carpal angles and severity of SLIL lesions. It is
possible that already small midcarpal articulations between
lunates and hamates can play a role in carpal kinematics.

Lunate morphology may be associated with the severity of
SLIL lesions and affect the progress of a carpal misalignment in
complete SLIL ruptures. To better understand the role of a Type II
lunate in the stabilization of the wrist, further kinematical studies
should be performed.

The limitations of the study were its retrospective nature and a
small number of Type I lunates when it came to measuring CTD.
Moreover, the arthroscopies were performed on symptomatic
patients and, therefore, the results may not be applicable to
asymptomatic individuals with SLIL injury. The operative records
did not involve the description of lunate morphology and, hence,
it had to be evaluated radiologically. The other limitation of radio-
logical diagnostics was the limited inter-rater reliability in assess-
ing lunate morphology with CTD measurements, probably due to
the different experience levels of the two reviewers with a satisfy-
ing intra-rater agreement for both of them.
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