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Abstract
Background: Distal radius radiographic indices may play a role as risk factors in pathogenesis of Kienbock’s disease, scaphoid fracture and nonunion. Perilunate fracture dislocations are devastating wrist injuries, and their relationship and distal radius indices
have not been addressed in the literature.
Objectives: The aim of this study was to evaluate the possible role of distal radius radiographic indices including radial height,
radial inclination, ulnar variance and volar tilt as risk factors in the perilunate fracture dislocation injury of the wrist.
Patients and Methods: We studied distal radius radiographic indices including radial height, radial inclination, ulnar variance
and volar tilt in 43 patients with perilunate fracture dislocations and compared them with 44 wrists in the control group.
Results: The mean values of the radial height, radial inclination, ulnar variance and volar tilt were 12.74 (5 - 18), 24.20 (7 - 35), -0.73 (-5
- 4) and 12.28 (2 - 20) in the patient group. These values were 12.68 (9 - 22), 23.22 (17 - 30), -0.11 (-4 - 3) and 11.05 (-3 - 20), respectively in
the control group. There was no statistically significant difference between the two groups.
Conclusions: This study did not show that distal radius anatomical indices including the radial height, radial inclination, ulnar
variance and volar tilt influence perilunate fracture dislocation as risk factors.
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1. Background

3. Patients and Methods

Perilunate fracture dislocations (PLFDs) are potentially
devastating wrist injuries that can impose severe disabilities and complications to the functional status of the upper extremity. Distal radius radiographic indices including
radial height (RH), radial inclination (RI), ulnar variance
(UV) and volar tilt (VT) were focused for decades regarding
their role in different areas of hand surgery (1, 2). UV has
been proposed as a powerful risk factor for Kienbock’s disease (2). The role of UV has been investigated in carpal instability, scaphoid fracture and nonunion (3-5).
We could not find any study in the literature considering possible role for distal radius radiographic indices in
perilunate fracture dislocations of the wrist.

The study was approved by the institutional review
board of our center. We evaluated standard wrist radiographs of patients admitted in our hospital due to PLFD injury of the wrist between December 2008 and December
2012 to measure distal radius radiographic indices including RH, RI, UV in posteroanterior (PA) view and VT in lateral
view.
Inclusion criteria were all cases with PLFD in skeletally
mature adult patients who had acceptable standard posteroanterior and lateral plain radiographs. We used the
most appropriate X-Rays that could meet the mentioned
criteria for acceptable radiographs, pre- or post-reduction.
Exclusion criteria were all cases with a history of previous trauma, infection, surgery, congenital deformities,
neuromuscular or rheumatologic diseases in the affected
upper extremity or having distal radius or ulnar fracture
during PLFD.
We also excluded radiographs that did not meet the
standard criteria as recommended by Palmer (6, 7). In
our institution, all anteroposterior and lateral wrist ra-

2. Objectives
This study was designed to evaluate the role of distal
radius radiographic indices including RH, RI, UV and VT as
risk factors in the PLFD injury of the wrist.
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diographs were taken in standard manner described by
Palmer and colleagues (6). We considered posteroanterior
radiography of the wrist as standard X-ray when the groove
of the extensor carpi ulnaris was located completely radial
to the ulnar styloid process (8). The lateral X-ray was accepted as a true lateral radiography if the palmar aspect
of pisiform located between the capitate and the volar surface of distal scaphoid (9).
For the control group, we used the wrist radiographs
of uninjured side of patients admitted to our clinic due to
distal radius fracture. In our institution, X-ray of the uninjured side was used as template for comparison with the
fractured side during the reduction process. The intraobserver and interobserver reliability of the distal radius radiographic indices including RH, RI, UV and VT were evaluated and reported relatively well in a recent study (10). To
determine the indices we used the measurement instructions recommended in the classic textbooks (11). Student’s
t-test was used to compare the groups and P value less than
0.05 was considered as statistically significant.
4. Results
We had 43 cases in the PLFD group and all of them were
male. In the control group, we studied 44 radiographs of
44 males. The mean age of patients and control groups
were 26.4 (17 - 56) and 25 (18 - 60), respectively. Table 1 summarizes data regarding radiographic indices of the distal
radius of the both groups. As indicated in the table, there
was no statistically significant difference between the two
groups regarding radiographic indices of the distal radius
including RH, RI, VT and UV.
Table 1. Distal Radius Radiographic Indices of the Both Control and Patients Groups
With Perilunate Fracture Dislocation
Control Groupa

PLFD Groupa

P value

Radial height, mm

12.74 (5 - 18)

12.68 (9 - 22)

0.840

Radial inclination, deg

24.20 (7 - 35)

23.22 (17 - 30)

0.326

Volar tilt, deg

12.28 (2 - 20)

11.05 (-3 - 20)

0.215

Ulnar variance, mm

-0.73 (-5 - 4)

-0.11 (-4 - 3)

0.183

Variable

Abrreviation: PLFD, perilunate fracture dislocation.
a
Data are expressed as mean (min - max).

5. Discussion
It is for decades that distal radius anatomical indices
were under investigation for their role in the pathophysiology of different diseases and injuries in the wrist. Although
there is no published research to indicate that PLFD does
2

not alter the UV individually in the absence of distal radius
fracture, numerous studies implicated possible role of UV
in the pathogenesis of Kienbock’s disease, or instability in
the wrist and carpal ligamentous disruption (3, 12-14).
Biomechanical studies indicate that anatomic relationship between the distal radius, ulna and the carpal
bones are delicate. Even small changes in this precise relationship can result in great load bearing and force vectors
modification (15).
Newer anatomical studies resulted in new concepts
and knowledge of the biomechanics of the wrist and consequently can add to our better understanding of the pathophysiology of different injuries and disease in this area. Recently, the role of anatomical indices of distal radius have
been addressed as possible risk factors in carpal bones fracture and wrist instabilities (4, 5, 12).
Voorhees et al. observed an association between the incidence of negative ulnar variance and carpal ligamentous
instabilities (12). They could not delineate the reasons for
this association, but they showed that presence of a negative ulnar variance may serve as a risk factor for ligamentous instability (12).
Ramos-Escalona et al. reviewed radiographs of 66
scaphoid fractures to evaluate UV and found significant difference in distribution of UV compared to published studies (4).
Jafari et al. retrospectively reviewed posteroanterior
wrist radiographs of 65 cases with established scaphoid
nonunion and compared them with 65 normal wrist radiographs; they found statistically significant difference in UV
between the two groups and concluded that UV may influence developing nonunion process in scaphoid bone fracture (5).
PLFDs are among the most devastating closed injuries
of the wrist. They are often missed on initial evaluation resulting in severe consequences of disabilities in the upper
extremity (16).
PLFDs occur following high energy trauma in young
adults due to loading of a hyperextended, ulnar ward deviated hand. Depending on the loading pathways, this can
result in traumatic rupture of the radioscaphocapitate,
scapholunate and the lunotriquetral ligaments with different combinations of the radial styloid and carpal bone fracture (17).
Literature review encounters paucity of studies regarding the association between PLFD and distal radius indices.
The current study was conducted to elucidate the possible
role of distal radius indices in the pathophysiology of these
devastating injuries. By comparing the anatomical indices
of distal radius in patients with PLFD and normal wrists of
the control group, we could not find any association between these indices and PLFD.
Trauma Mon. 2016; 21(2):e21956.
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There were several limitations in our study. First of all
we used relatively small number of patients and secondly
we did not study other wrist and distal radius anatomical
indices including carpal height, radial carpal distance, ulnar carpal distance, scapholunate angle, distal radio ulnar
joint angle, carpal height ratio, lunate uncover age length
and lunate uncover age ratio.
Another shortcoming is a concern about the control
group. We used the uninjured wrist of patients referred to
the institution after distal radius fracture and we did not
use healthy people as a control group to compare with the
PLFD group.
We recommend continuing anatomical studies of the
wrist, especially the indices not included in the current
study to reveal the possible association between these indices and pathologic conditions and wrist injuries. Finally,
this study did not show that distal radius anatomical indices including RH, RI, VT and UV influence perilunate fracture dislocation as risk factors.
Acknowledgments
We would like to thank residents of orthopedic
surgery, Shafa hospital, Tehran, Iran.
Footnote
Authors’ Contribution: Study concept and design: Farid
Najd Mazhar, Abolfazl Bagherifard; acquisition of data:
Hassan Keihan Shokouh, Ebrahim Motavallian; drafting of
the manuscript: Davod Jafari, Abolfazl Bagherifard; critical revision of the manuscript for important intellectual
content: Farid Najd Mazhar, Abolfazl Bagherifard, Davod Jafari; statistical analysis: Hassan Keihan Shokouh, Ebrahim
Motavallian; administrative, technical and material support: Farid Najd Mazhar, Abolfazl Bagherifard, Davod Jafari; study supervision: Farid Najd Mazhar, Abolfazl Bagherifard.

Trauma Mon. 2016; 21(2):e21956.

References
1. Jafari D, Shariatzadeh H, Mazhar FN, Ghahremani MH, Jalili A. Radial
inclination and palmar tilt as risk factors for Kienbock’s disease. Am J
Orthop (Belle Mead NJ). 2012;41(11):E145–6. [PubMed: 23431518].
2. Tsuge S, Nakamura R. Anatomical risk factors for Kienbock’s disease. J
Hand Surg Br. 1993;18(1):70–5. [PubMed: 8436868].
3. Thienpont E, Mulier T, De Smet L. Radiographic analysis of
anatomic risk factors for scapholunate dissociation. Acta Orthop
Belg. 2003;69(3):246–51. [PubMed: 12879707].
4. Ramos-Escalona J, Garcia-Bordes L, Martinez-Galarza P, Yunta-Gallo
A. Ulnar variance and scaphoid fracture. J Hand Surg Eur Vol.
2010;35(3):195–7. doi: 10.1177/1753193409352281. [PubMed: 20007423].
5. Jafari D, Shariatzadeh H, Najd Mazhar F, Ghahremani MH. Ulnar variance in scaphoid nonunion. Arch Iran Med. 2013;16(5):301–2.
6. Green DP, Pederson WC, Hotchkiss RN, Wolfe SW. Greens Operative
Hand Surgery. 5 ed. Philadelphia: Elsevier Churchill Livingstone;
2005. pp. 645–710.
7. Palmer AK, Glisson RR, Werner FW. Ulnar variance determination. J
Hand Surg. 1982;7(4):376–9. doi: 10.1016/s0363-5023(82)80147-0.
8. Levis CM, Yang Z, Gilula LA. Validation of the extensor carpi ulnaris
groove as a predictor for the recognition of standard posteroanterior
radiographs of the wrist. J Hand Surg Am. 2002;27(2):252–7. [PubMed:
11901384].
9. Yang Z, Mann FA, Gilula LA, Haerr C, Larsen CF. Scaphopisocapitate
alignment: criterion to establish a neutral lateral view of the wrist.
Radiology. 1997;205(3):865–9. doi: 10.1148/radiology.205.3.9393549.
[PubMed: 9393549].
10. Jafari D, Najd Mazhar F, Jalili A, Zare S, Hoseini TS. The Inter and intraobserver reliability of measurements of the distal radius radiographic indices. Shafa Ortho J. 2013;1(2):22–5.
11. Saffar P. In: Pigeau I Radiographic imaging of the hand , wrist and
forearm. Berger RA, Weiss APC, editors. Philadelphia: Lippincott,
Williams & Wilkins; 2004. pp. 81–93.
12. Voorhees DR, Daffner RH, Nunley JA, Gilula LA. Carpal ligamentous disruptions and negative ulnar variance. Skeletal Radiol.
1985;13(4):257–62. [PubMed: 4001966].
13. Gelberman RH, Salamon PB, Jurist JM, Posch JL. Ulnar variance in
Kienbock’s disease. J Bone Joint Surg Am. 1975;57(5):674–6. [PubMed:
1150712].
14. Stahl S, Stahl AS, Meisner C, Hentschel PJ, Valina S, Luz O, et
al. Critical analysis of causality between negative ulnar variance
and Kienbock disease. Plast Reconstr Surg. 2013;132(4):899–909. doi:
10.1097/PRS.0b013e31829f4a2c. [PubMed: 24076682].
15. Palmer AK, Werner FW. Biomechanics of the distal radioulnar joint.
Clin Orthop. 1984;187:26–35.
16. Cooney WP, Linscheid RL, Dobyns JH. The Wrist: Diagnosis and Treatment. St Louis. MO: Mosby; 1998.
17. Cooney WP, Linscheid RL, Dobyns JH. Carpal instability: treatment
of ligament injuries of the wrist. Instr Course Lect. 1992;41:33–44.
[PubMed: 1588075].

3

